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D i r e c t o r :  H a b i l  F.  Hadd
T h e o r e t i c a l  f o r m u l a t i o n s  o f  s u c c e s s i v e  c o n t r a s t  
e f f e c t s  i n  i n s t r u m e n t a l  l e a r n i n g  have  g e n e r a l l y  been  
l i m i t e d  t o  e f f e c t s  due to  s i m p l e  s h i f t s  i n  r e wa r d  
m a g n i t u d e .  A r e c e n t  r e i n f o r c e m e n t  l e v e l  t h e o r y  
a d v a n c e d  by C o p a l d i  p u r p o r t s  t o  be c a p a b l e  o f  d e a l i n g  
w i t h  a much b r o a d e r  r a n g e  o f  e x p e r i m e n t a l  m a n i p u l a t i o n s  
t h a n  p r e v i o u s  t h e o r i e s .
One s e t  o f  p r e d i c t i o n s  f rom t Jai s  t h e o r y  i s  t h a t  
s h i f t s  f rom s h o r t e r  t o  l o n g t ' r  N - l e n g t h s  i n  
r e i n f o r c e m e n t  s c h e d u l e s  p r o d u c e  n e g a t i v e  c o n t r a s t  and 
t h e  o p p o s i t e  s h i f t  r e s u l t s  i n  p o s i t i v e  c o n t r a s t .  A 
s t u d y  whi cl i ,  on t h e  s u r f a c e ,  a p p e a r s  t o  c o n f i r m  t h e s e  
p r e d i c t i o n s  was c r i t i c a l l y  r e v i e w e d  and found t o  be 
d e f i c i e n t  i n  s e v e r a l  i m p o r t a n t  r e s p e c t s .  The 
e x p e r i m e n t  was r e - d c s i g n c d  s uch  t t i a t  t h e  s o u r c e s  o f  
c o n f o u n d  i n  t h e  o r i g i n a l  s t u d y  we r e  e l i m i n a t e d .  Two 
g r o u p s  o f  r a t s  wer e  g i v e n  s e v e n  t r i a l s  p e r  d a y ,  f o u r  o f  
whi ch  were  r e w a r d e d ,  i n  a s t r a i g h t  a l l e y .  One g r o u p  
was t r a i n e d  u s i n g  an N - l c n g t h  o f  t h r e e ,  and t h e  o t h e r  
u s i n g  an N - l c n g t h  o f  o n e .  A f t e r  20 d a y s ,  o n e - h a l f  o f  
cacl i  g r o u p s  was s h i f t e d  t o  t h e  o p p o s i t e  N - 1 e n g t h  f o r  an 
a d d i t i o n a l  20 d a y s ,  wh i l e t h e  r e m a i n d e r  o f  t h e  a n i m a l s  
c o n t i n u e d  a s  i n t h e  f i r s t  p h a s e  f o r  t h i s  p e r i o d .  
F i n a l l y ,  a l l  f o u r  g r o u p s  r e c e i v e d  f i v e  d a y s  o f  
e x t i n c t i o n  ( n o n r e w a r d )  t r a i n i n g .  T h e r e  was no e v i d e n c e  
f o r  e i t h e r  p o s i t i v e  o r  n e g a t i v e  c o n t r a s t .  In a d d i t i o n ,  
t h e r e  wer e  no g r o u p  d i f f e r e n c e s  d u r i n g  t h e  e x t i n c t i o n  
p h a s e .  The d a t a  were  d i s c u s s e d  as  p o s i n g  p r o b l e ms  f o r  
t h e  r e i n f o r c e m e n t  l e v e l  t h ' ^o r y ,  b u t  s u p p o r t i v e  o f  an 
" i n c e n t i v e  a v e r a g i n g "  a p p r o a c h  t o  c o n t r a s t  e f f e c t s .
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The Hole o f  oe q u c - n t i e l  V o f i o b l c s  i n  S u c c e s s i v e
Co n t r ns t .  E f f e c t s
John  Wal konbach  
U n i v e r s i t y  o f  Montana
A b s t r a c t
The p r e s e n t  e x p e r i m e n t  was d e s i g n e d  t o  i n v e s t i g a t e  t h e  
e f f e c t s  o f  s u c c e s s i v e  s i i i f t s  i n  N -  l e n g t h  i n  a s impl e '  
i n s t r u m e n t a l  ( r u n wa y )  t a s k .  A r e c e n t  t l i c o r y  ( C a p a l d i ,  Not e  
1) p r e d i c t s  p o s i t i v e  c o n t r a s t  e f f e c t s  due  t o  a s h i f t  f rom a 
l o n g e r  t o  n s h o r t e r  i l - l c n g t h  and n e g a t i v e  c o n t r a s t  r e s u l t i n g  
f rom t h e  o p p o s i t e  s h i f t .  Two g r o u p s  o f  r a t s  we r e  g i v e n  
s e v e n  t r i a l s  p e r  d a y ,  f o u r  o f  whi ch  wer e  r e w a r d e d ,  i n  a 
s t r a i g h t  a l l e y .  One g r o u p  was t r a i n e d  u s i n g  an N - l e n g t h  o f  
t h r e e ,  and t h e  o t h e r  u s i n g  an M- 3engt h  o f  o n e .  A f t e r  20 
d a y s ,  one—h a ] f  o f  e a c h  g r o u p  was s h i f t e d  t o  t h e  o p p o s i t e  
N - l e n g t h  f o r  an a d d i t i o n a l  20 d a y s ,  w h i l e  t h e  r e m a i n d e r  o f  
t h e  a n i m a l s  c o n t i n u e d  as  i n  t h e  f i r s t  p h a s e  f o r  t h i s  p e r i o d .  
F i n a l l y ,  a l l  f o u r  g r o u p s  r e c e i v e d  f i v e  d a y s  o f  e x t i n c t i o n .  
T h e r e  was no e v i d e n c e  f o r  e i t h e r  p o s i t i v e  o r  n e g a t i v e  
c o n t r a s t .  In a d d i t i o n ,  t h e r e  wer e  no g r o u p  d i f f e r e n c e s  
d u r i n g  t h e  e x t i n c t i o n  p h a s e .  The d a t a  we r e  d i s c u s s e d  w i t h  
r e s p e c t  t o  t h e o r i e s  I .hat  a t t e m p t  t o  p r e d i c t  tdic c o n d i t i o n s  
n e c e s s a r y  f o r  i n s t r u m e n t a l  c o n t r a s t  e f  fe ct. s .
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
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U n i v e r s i t y  o f  Montana
The l i t e r a t u r e  on c o n t r a s t  e f f e c t s  in i n s t r u m e n t a l  
c o n d i t i o n i n g  h a s  g e n e r a l l y  b e e n  l i m i t e d  t o  t h e  e f f e c t s  o f  
s h i f t s  i n  r e wa r d  m a g n i t u d e .  S p e c i f i c a l l y ,  s u b j e c t s  s h i f t e d  
f rom a l a r g e  t o  a s ma l l  magni tude-  o f  r e wa r d  run s l o w e r  t i i an 
s u b j e c t s  m a i n t a i n e d  on t h e  s m e l l  m a g n i t u d e  ( e . g . ,  C a p a ] d i  
and Lync h ,  1967;  D i L o l l o  and Becz ,  1966;  G o n z a l e s ,  
G l e i t m a n ,  and Di t t e r r n a n ,  19 6 2 ) .  T h i s  phenomenon i s  t e r me d
t h e  n e g a t i v e  c o n t r a s t  e f f e c t  (NCE).  A p o s i t i v e  c o n t r a s t
e f f e c t  (PCE) ,  on t h e  o t h e r  hamd, i s  o b s e r v e d  when s u b j e c t s
s h i f t e d  f rom a s m a l l  t o  a l a r g e  m a g n i t u d e  o f  r e w a r d  r un  
f a s t e r  t h a n  s u b j e c t s  wl i ich r e c e i v e d  t h e  l a r g e  m a g n i t u d e  
t h r o u g h o u t .  ( e . g . ,  M e l l g r e n ,  1972;  Giianah and O i l i e r ,
1 9 7 2 ) .
On t h e  b a s i s  o f  l i t e r a t u r e  r e v i e w s ,  b o t h  B l a c k  ( 1 9 6 8 )  
and Dunham ( 1968)  c o n c l u d e d  t l i a t  t h e  NCE i s  a r e l a t i v e l y  
r o b u s t  phenomenon,  w h e r e a s  t h e  PCE i s  e l u s i v e ,  and q u i t e  
l i k e l y  a r t i f a c t u a l .  Many i n v e s t i g a t o r s  ha v e  d e m o n s t r a t e d  an 
NCE u n d e r  a v a r i e t y  o f  c o n d i t i o n s ,  b u t  f a i l e d  t o  show PCE 
u s i n g  a n a l o g o u s  p r o c e d u r e s  ( e . g . ,  Dower ,  1961;  D i L o l l o ,  
1 9 6 4 ) .  Re c e n t  e v i d e n c e  h oweve r  t e n d s  t o  d i s c o n f i r m  t h e s e
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c o n c l u s i o n s  wi t f i  r e s p e c t  t o  t h e  PCt .  I t  wos o r i p i n . - i l l y  
p o s t u l a t e d  by Bower ( 1 9 6 1 )  t h a t  c e i l i n g  e f f e c t s  may bo
o p e r a t i v e  i n  many s i t u a t i o n s  i n  whi ch  t h e  PCE f a i l s  t o
a p p e a r .  T h a t  i s ,  i t  i s  q u i t e  l i k e l y  t h a t  t h e  s u b j e c t s  a r e  
r e s p o n d i n g  cit t h e i r  maxi mal  l e v e l  d u r i n g  p r c s h i f t  whi ch  
would p r e v e n t  r e s p o n d i n g  a t  a h i g h e r  l e v e l  d u r i n g  p o s t s h i f t .  
S e v e r a l  l i n e s  o f  r e s e a r c h ,  t h e  g o a l  o f  wh i ch  was t o  d e c r e a s e  
r e s p o n d i n g  t o  be l ow t h i s  u p p e r  l i m i t ,  h a v e  c o n f i r m e d  t h i s  
h y p o t h e s i s  (Logan and S p a n i e r ,  1970;  M e l l g r e n ,  1972;
M e l l g r e n ,  N a t i o n ,  W r a t h e r ,  and J o b e ,  Not e  2;  S c y b c r t  and 
M e l l g r e n ,  1972;  Shanab  and B i l l e r ,  1972;  W e i n s t o c k ,  1971;  
Wo l l a c h  and S e r e s ,  1 9 7 1 ) .
Wh i l e  c o n t r a s t  e f f e c t s  have mo s t  o f t e n  been  
i n v e s t i g a t e d  u s i n g  r e wa r d  m a g n i t u d e  s h i f t s ,  o t h e r  t e c h n i q u e s  
hav e  o c c a s i o n a l l y  been  e mpl oye d .  U n t i l  r e c e n t l y ,  
t h e o r e t i c a l  a c c o u n t s  o f  c o n t r a s t  e f f e c t s  have  b e e n  s p a r c e  
and g e n e r a l l y  l i m i t e d  t o  t h e  e f f e c t s  o f  s h i f t s  i n  r e wa r d  
m a g n i t u d e .  T h i s  i s  t h e  p r i m a r y  r e a s o n  f o r  t h e  g e n e r a l  l a c k  
o f  r e s e a r c h  c o n c e r n e d  w i t h  me t hods  o t h e r  t h a n  r e wa r d  
m a g n i t u d e  s h i f t s .  A q u a n t i t a t i v e  mode 1 r e c e n t l y  a d v a n c e d  by 
C a p a l d i  ( No t e  1) a t t e m p t s  t o  d ea l  v; i t h  a c q u i s i t i o n , 
e x t i n c t i o n ,  and v a r i o u s  c o n t r a s t  d a t a  on a t r i a l - b y - t r i a l  
p r e d i c t i v e  b a s i s .  A c c o r d i n g  t o  t t i i s  v i e w,  i n c r e m e n t s  i n  
h a b i t  s t r e n g t h  a r e  a f u n c t i o n  o f  r<;ward e x p e c t a n c y .  I f  an 
a n i m a l  r e c e i v e s  a l a r g e r  t h a n  e x p e c t e d  r e w a r d ,  l a r g e
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
Pnr. r  M
i n c r e m e n t s  i n  hob i t  s t r e n g t h  o c c u r .  ExpccLoncy i s  b u i l t  up 
o v e r  t i m e  and becomes  i n c r e a s i n g l y  s t a b l e  a s  c o n d i t i o n i n g  
p r o g r e s s e s .  I n h i b i t i o n ,  a p r o c e s s  a n t a g o n i s t i c  t o  h a b i t ,  
o c c u r s  whc;n r e wa r d  m a g n i t u d e  i s  l o s s  t h a n  t h e  l e v e l  o f  
e x p e c t a n c y .  T h i s  r e  i r i f o r c c m c n t - l  f ' vol  v i e w,  i n c o n j u n c t i o n  
w i t h  t h e  s e q u e n t i a l  t h e o r y  o f  C a p a l d i  ( 1 9 6 7 )  p r o m i s e s  a new 
p r e d i c t i v e  power  beyond t h a t  o f  mos t  c o m p e t i n g  t h e o r i e s .
Fo r  e x a m p l e ,  r e i n f o r c e m e n t - l e v e l  t i i c o r y  p r e d i c t s  
s e v e r a l  o t h e r  means  o f  p r o d u c i n g  c o n t r a s t  e f f e c t s  i n
a d d i t i o n  t o  p r o c e d u r e s  u s i n g  s h i f t s  in r ewa r d  m a g n i t u d e .  
A c c o r d i n g  t o  t h e  mo d e l ,  s h i f t s  i n  p e r c e n t a g e  o f  r e i n f o r c e d  
t r i a l s  s h o u l d  p r o d u c e  b o t h  p o s i t i v e  and n e g a t i v e  c o n t r a s t  
e f f e c t s .  The s c a n t  l i t e r a t u r e  i n  t h i s  a r e a  t e n d s  t o  s u p p o r t  
t h i s  p r e d i c t i o n  (Leung and J e n s e n ,  1968) .  An o t h e r  
t e c h n i q u e ,  b a s e d  on s c q e n t i a l  r e a s o n i n g  ( C a p a l d i ,  1967)  w i l l  
be c o n s i d e r e d  i n  d e t a i l .
N - l e n g t h  i s  d e f i n e d  as  t h e  number  o f  n o n r e i n f o r c e d  (N) 
t r i a l s  wh i ch  p r e c e d e  a r e i n f o r c e d  (R) t r i a l  i n  a s c h e d u l e  o f
r e i n f o r c e m e n t .  An N-R t r a n s i t i o n  r e f e r s  t o  an R t r i a l  whi ch
f o l l o w s  one  o r  more Î1 t r i a l s .  I t  i s  on t h o s e  N-R 
t r a n s i t i o n s  t h a t  c o n d i t i o n i n g  i s  s a i d  t o  o c c u r .  An N - l e n g t h  
p r o d u c e s  an i n t e r n a l  s t i m u l u s  t o  whi ch  r u n n i n g  becomes
c o n d i t i o n e d  on an N-R t r a n s i t i o n .  For  ex amp 1e , t h e  s c h e d u l e  
RNNR c o n t a i n s  an N - l c n g t h  o f  two,  and p r o d u c e s  t h e  s t i m u l u s  
S ( N2 ) .  On t h e  f i n a l  t r i a l  r u n n i n g  i s  c o n d i t i o n e d  t o  S(N2)
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i ted  w ith o u t  p e rm is s io n .
prir,(.' ' j
vi . ' i  n r r i n r o r c e m c t i t ,  incch;iti .L;, ;ni .
The f o i n f o r c c i n c n t - l o v e l  t h e o r y  ( C a p a l d i ,  Not e  1) 
p r e d i c t s  c o n t r a s t  e f f e c t s  as  a r e s u l t  o f  s h i f t s  i n  N - l e n g t h  
w h i l e  m a i n t a i n i n g  a c o n s t a n t  r e wa r d  m a g n i t u d e  and p e r c e n t a g e  
o f  r e w a r d .  The r e a s o n i n g  b e h i n d  t h e s e  p r e d i c t i o n s  w i l l  be 
d i s c u s s e d  i n  d e t a i l  b e l o w.  To d o t e ,  o n l y  o n e  s t u d y  ( Fox ,  
1972)  h a s  bee n  r e p o r t e d  i n  whi ch  t h i s  m a n i p u l a t i o n  was mode.  
As p r e d i c t e d  by t h e  mode l ,  b o t h  on NCE and a PCE were  
o b t a i n e d .  T h e r e  a r e  some mc l . h o d o l o g i c a l  p r o b l e ms  w i t h  t h i s  
s t u d y  h o w e v e r ,  and t h e  pr i rnory  p u r p o s e  o f  t h e  p r e s e n t  
i n v e s t i g a t i o n  was t o  a s s e s s  t h e  e f f e c t s  o f  N - l e n g t h  s h i f t s  
u s i n g  an u n c o n f o u n d e d  d e s i g n .
The Fox ( 1 9 7 2 )  s t u d y  r e f e r r e d  t o  above  empl oyed f o u r
g r o u p s  o f  r a t s  d e s i g n a t e d  1 - 1 ,  3 - 3 ,  1 - 3 ,  and 3 - 1 .  Each
g r o u p  name i n d i c a t e s  t h e  N - l e n g t h  i n  p r o -  and p o s t s h i f t
r e s p e c t i v e l y .  Fo r  e x a mp l e .  Group 3-1 was o r i g i n a l l y  t r a i n e d  
u n d e r  t h e  s c h e d u l e  NNNRNNNR ( N - l e n g t h  o f  t h r e e )  and t h e n  
s h i f t . e d  t o  t h e  s c h e d u l e  NRNH ( n - l e n g t h  o f  o n e ) .  As
i n d i c a t e d  ^ibove,  t h i s  s t u d y  r e s u l  t ed  i n  b o t h  a s t r o n g  PCE
and a s t r o n g  NCE. P o s i t i v e  c o n t r a s t  was f ound  i n  Group 3-1 
w i t h  r e s p e c t  t o  Group 1- 1;  n e g a t i v e  c o n t r a s t  was e v i d e n t  i n  
Gr oup 1-3 r e l a t i v e  t o  Group 3 - 3 .
C a p a l d i  ( Not e  1) c i t e d  t h i s  i n v e s t i g a t i o n  as  s u p p o r t i n g  
h i s  r e i n f o r c e m e n t - l e v e l  t h e o r y .  The r e a s o n i n g  b e h i n d  t h e s e  
p r e d i c t i o n s  i s  a s  f o l l o w s .  At t h e  b e g i n n i n g  o f  p o s t s h i f t ,
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
H. ' I ( ()
t h e  s t i m u l u s  S(N1)  lias a c q u i r e d  a s t a b l e  e x p e c t a n c y  o f  
nonr cwar t i  i n  Group 3 - 1 .  Du r i n g  p o s t s h i f t ,  5{N1)  w i l l  
a c q u i r e  l a r g e  i n c r e m e n t s  i n  h a b i t  s t r e n g t h  when r u n n i n g  i s  
r e i n f o r c e d  i n  i t s  p r e s e n c e .  T h c r e l o r c ' ,  t h e  t h e o r y  p r e d i c t s  
a P C f  i n  Group 3-1 wi t h  r e s p e c t  t o  Gr oup 1- 1 .  The NCE i s  
p r e d i c t e d  i n  a s i m i l a r  ma nne r .  Du r i n g  p r e s h i f t  i n  Gr oup
1- 3 ,  S(N1)  a c q u i r e s  a l a r g e  e x p e c t a n c y  o f  r e wa r d  whi ch
g e n e r a l i z e s  t o  S(M2) and S(N31 t o  some e x t e n t .  Du r i n g  t h e  
p o s t s h i f t  p h a s e ,  S(N1)  and S ( II2)  a c q u i r e  i n h i b i t i o n  and 
h a b i t  g r o wt h  t o  S(N3)  i s  somewhat  r e t a r d e d .  I h e r i f o r e  a 
d e c r e m e n t  i n  r e s p o n s e  s t r e n g t h  s h o u l d  a p p e a r  i n  Group 1-3 
r e l a t i v e  t o  Gr oup 3 - 3 .
Based on t h e  b r i e f  d e s c r i p t i o n  o f  t h e  Fox ( 1 ^ 7 2 )  s t u d y  
g i v e n  a b o v e ,  i t  may be n o t i c e d  t h a t  a l t h o u g h  r e wa r d  
i r i agni t ude  was c o n s t a n t  t h r o u g h o u t ,  p e r c e n t a g e  o f  r e i n f o r c e d  
t r i a l s  was s h i f t e d  a l o n g  w i t h  N - l e n g t h .  T h a t  i s ,  t h e  
s c h e d u l e  f o r  N - l e n g t h  o f  one was c o m p r i s e d  o f  bOh  r e i n f o r c e d  
t r i a l s  w h i l e  t h a t  f o r  I I - l e n g t h  o f  t h r e e  had o n l y  23% 
r e i n f o r c e d  t r i a l s .  B i n e e  s h i f t s  i n  p e r c e n t a g e  o f  r e i n f o r c e d  
t r i a l s  h a v e  been  shown t o  p r o d u c e  c o n t r a s t  e f f e c t s  ( Leung  
c’tid Jensc-n,  19b%),  t h i s  i s  s e r i o u s  s o u r c e  o f  c o n f o u n d i n g .  
A r e l a t e d  i ssu( '  c o n c e r n s  tfie number  of t . r i a l s  g i v e n  d a i 1 y . 
As o u t l i n e d  a b o v e ,  t h e  N - l e n g t h  o f  one  c o n d i t i o n  c o n s i s t e d
o f  f o u r  a l t e r n a t i n g  N and R t r i a l s  p e r  d a y ,  w h e r e a s  t h e
N - l e n g t h  o f  t h r e e  c o n d i t i o n  was composed o f  e i g h t  d a i l y
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
P n i ’ t; Y
t r i a i s ,  two o f  whi ch wore r e w a r d e d . i h i s  p a r t i c u l a r  me t hod 
d o e s  h a v e  one  a d v a n t a g e ,  namel y  p r o v i d i n g  an equal ,  number  o f  
N-K t r a n s i t i o n s  i n  b o t h  c o n d i t i o n s .  At a s y m p t o t i c  h a b i t  
s t r e n g t h  h o we v e r ,  t i i e  number  o f  N-R t r a n s i t i o n s  becomes  
i r r e l e v a n t  ( Capa l.di , 1 UbC ) . i n  t h i s  l i g h l , ,  t h e  a b s o l u t e
number  o f  t r i a l s  g i v e n  becomes  an i m p o r t a n t  i s s u e .  For  
e x a mp l e .  Group 1-3 can  be v i ewed a s  b e i n g  s h i f t e d  f rom f o u r
t o  e i g h t  t r i a l s  p e r  d a y ,  a m a n i p u l a t i o n  whi ch  may i n  i t s e l f
( t h r o u g h  p e r h a p s  some t y p e  o f  e x p e c t a n c y  l e a r n i n g )  be 
r e s p o n s i b l e  f o r  t h e  o b s e r v e d  r e s p o n s e  d e c r e m e n t .  f . i m i l a r l y .  
Group 3-1 was s h i f t e d  f rom e i g h t  t o  f o u r  d a i l y  t r i a l s ,  a g a i n  
t h e  e f f e c t s  o f  whi ch  a r e  n o t  i m m e d i a t e l y  a p p a r e n t .  A l t h o u g h  
no s p e c i f i c  e m p i r i c a l  d a t a  c o n c e r n i n g  s h i f t s  i n  t h e  number  
o f  t r i a l s  h-: / e  been  r e p o r t e d ,  t h e r e  i s  some e v i d e n c e  ( D a v i s ,  
Memmot t ,  and H u r w i t z ,  197‘3) t h a t  a n i m a l s  a r c  c a p a b l e  o f  
" k e e p i n g  t r a c k "  o f  t h e  number  o f  e x p e r i m e n t a l  e v e n t s  whi ch  
h a v e  o c c u r r e d  and a d j u s t i n g  t h e i r  b e h a v i o r  a c c o r d i n g l y .
A n o t h e r  p r o b l e m wi t t i  t h e  Fox s t u d y  i s  t h e  p o s s i b i l i t y  
o f  t h e  o c c u r a n c e  o f  p a t t e r n e d  r e s p o n d i n g .  T h a t  i s ,  t h e  same 
s e q u e n c e  o f  M and R t r i a l s  were  g i v e n  d a i l y ,  a l wa y s
b e g i n n i n g  w i t h  an N t r i a l . T h a t  r a t s  q u i c k l y  l e a r n  t o
p a t t e r n  r e s p o n d i n g ,  e s p e c i a l l y  i n  a s i n g l e  a l t e r n a t i o n  
s c h e d u l e  ( t h e  N- l c n g t l i  o f  one  c o n d i t i o n )  i s  w e l l  known 
( e . g . ,  K a t z ,  Woods,  and C a r r i t h c r ,  1 9 6 6 ) .  In p a r t i c u l a r ,  
C a p a l d i  and S t a n l e y  ( 1 9 6 3 )  found s i g n i f i c a n t l y  more
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
p a t t e r n i n g  o f  r e s p o n s e s  us i nr ,  nn i n t e r  t r i a l  i n t e r v a l  o f  15 
s e c ,  t h e  p a r a m e t e r  us ed  by Fox ( 1 9 7 2 ) .  I n d e e d ,  Fox n o t e d  
t h a t  a l l  r a t s  r a n  a p p r e c i a b l y  s l o w e r  on t h e  f i r s t  d a i l y  
t r i a l  ( a l w a y s  N) ,  and c o n s e q u e n t l y  t h e s e  d a t a  wer e  e x c l u d e d  
f rom t h e  d a t a  a n a l y s e s .  In t h i s  c o n t e x t ,  a n o t h e r  a s p e c t  o f  
t h i s  r e s e a r c h  t a k e s  on m a j o r  i m p o r t a n c e ,  name l y  t h a t  F o x ’ s 
d a t a  a n a l y s e s  were  b a s e d  o n l y  on t h e  R t r i a l s .  C a p a l d i ' s  
( No t e  1) r e i n f o r c e m e n t - l e v e l  model  d o e s  n o t  i n c l u d e  
p a t t e r n i n g  e f f e c t s  and h e n c e  a l l  e m p i r i c a l  s u p p o r t  f o r  t h e  
mode l  mus t  be b a s e d  on a l 1 t h e  t r i a l s ,  n o t  j u s t  t h o s e  whi ch  
may be s u b j e c t  t o  d i f f e r e n t i a l  r e s p o n d i n g  v i a  p a t t e r n i n g .
S t i l l  a n o t h e r  p r o b l e m wi t i i  t h e  Fox ( 1972 ) i n v e s t i g a t i o n  
c o n c e r n s  d e l a y  o f  r e w a r d .  Du r i n g  p r o s h i f t  a l l  
r e i n f o r c e m e n t s  wer e  g i v e n  i m m e d i a t e l y  upon e n t r y  i n t o  t h e  
g o a l  box .  Dur i ng  p u s t s h i f t  howeve r ,  a l l  r e w a r d s  were 
d e l a y e d  20 s e c .  T h i s  i s  a s e r i o u s  s o u r c e  o f  c o n f o u n d  s i n c e  
s h i f t s  f rom i m me d i a t e  t o  d e l a y e d  r ewa r d  and known t o  p r o d u c e  
c o n t r a s t  e f f e c t s  ( Sh ana b  and Mc Cu i s t o n ,  19 7 0 ) .
C a p a l d i ' s  (Nota^ 1) model  a l s o  makes  p r e d i c t i o n s  
r e g a r d i n g  e x t i n c t i o n  f o l l o w i n g  t h e  p o s t s h i f t  p h a s e .  The 
model  p r e d i c t s  Group 3-1 t o  bf mos t  r e s i s t a n t  t o  e x t i n c t i o n  
b e c a u s e  Idi i s  g r o u p s  wi l  l po s s f  s s  e x c e s s  l i . abi t  s t r e n g t l i  
f o l l o w i n g  t h e  s h i f t  t o  N - l e n g t h  o f  o n e .  Due t o  t h e  
d i f f e r e n t i a l  amount  o f  t r a i n i n g  r e c e i v e d  by e a c h  o f  h i s  f o u r  
g r o u p s ,  Fox c o u l d  n o t  i n c l u d e  an e x t i n c t i o n  p h a s e  i n  h i s
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
I’.If.C ')
s t u d y .
I t  s h o u l d  bo n o t e d  t h y l  t h e  o r i g i n a l  p u r p o s e  o f  t h e  Fox 
i n v e s t i g a t i o n  was n o t  c o n c e r n e d  w i t h  c o n t r a s t  phenomena .  I t
i s  i n  t h i s  l i g h t  t h a t  t h e  f o r e m e n t i o n o d  c r i t i c i s m s  mus t  be
v i e w e d .  For  e x a mp l e ,  some o f  t h e  m e t h o d o l o g i c a l  p r o b l e ms  
a r e  no l o n g e r  v a l i d  i n  t h e  c o n t e x t  o f  t h e  o r i g i n a l  i n t e n t  o f  
t h e  s t u d y .  But  b e f o r e  t h o s e  d a t a  a r e  w i d e l y  a c c e p t e d  a s  
s u p p o r t i n g  C a p a l d i ' s  r e i n f o r c e m e n t - l e v e l  t h e o r y ,  c l e a r l y  a 
r e p l i c a t i o n  mu s t  be  u n d e r t a k e n .
The p r e s e n t  i n v e s t i g a t i o n  was d e s i g n e d  such t h a t  b o t h  
t h e  N - l e n g t h  o f  one  and t h e  N - l e n g t h  o f  t h r e e  c o n d i t i o n s  had 
an e q u a l  number  o f  t r i a l s ,  w h i l e  a t  t h e  same t i me  
m a i n t a i n i n g  an e q u a l  p e r c e n t a g e  o f  R t r i a l s .  In a d d i t i o n ,  a 
20 s e c  d e l a y  o f  r e wa r d  was used  i n  b o t h  t he  p r o -  and 
p o s t s h i f t  p h a s e s  f o r  a l l  g r o u p s  t o  h o l d  down r u n n i n g  s p e e d s
whi ch  may o b s c u r e  t h e  o b s e r v a t i o n  o f  a PCE. F i n a l l y ,  an
e x t i n c t i o n  p h a s e  was g i v e n  f o l l o w i n g  p o s t s h i f t  t r a i n i n g .
Method
S u b j e c t s . The s u b j e c t s  were  '10 n a i v e  ma l e  a l b i n o  r u t s ,  
90 - 1 0 0  days  o l d  a t  t h e  s t a r t  o f  t h e  e x p e r i m e n t ,  p u r c h a s e e d  
f rom t h e  Hol t zman C o . ,  Mad i s on ,  WI . They were  hous ed  
i n d i v i d u a l l y  w i t h  w a t e r  c o n t i n u o u s l y  a v a i l a b l e  i n  t h e  home 
c a g e s .  T h r o u g h o u t  t h e  e x p e r i m e n t  t h e  c o l o n y  room was 
m a i n t a i n e d  u n d e r  c o n d i t i o n s  o f  2U h r  l i g h t .
A p p a r a t u s . The c o n d i t i o n i n g  a p p a r a t u s  c o n s i s t e d  o f  a
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
Paf>c 10
s t r a i g h t  a l l e y  (14ù X 10 X 1'1 cm l i i gh)  c o n s t r u c t e d  o f  c l e a r  
P l e x i g l a s  w i t h  a g r i d  f l o o r .  C a r d b o a r d  s t r i p s ,  p a i n t e d  f l a t  
g r a y ,  were  mount ed  on a l l  s i d e s .  The a l l e y  c o n s i s t e d  o f  
t h r e e  s e c t i o n s :  a s t a r t  box 28 cm l o n g ;  a run s e c t i o n  80
cm l o n g ;  and a g o a l  box 30 cm l o n g .  The runway was 
e q u i p p e d  w i t h  p h o t o c e l l  and c l o c k  c i r c u i t r y  ( H u n t e r  Mfg.  
Co . )  a c c u r a t e  t o  .01 s e e .  R a i s i n g  t h e  s t a r t  box d o o r  
o p e r a t e d  a p h o t o r c l a y  and s t a r t e d  t h e  f i r s t  o f  t h r e e  c l o c k s .  
When t h e  s u b j e c t  b r o k e  t h e  I ' i r s t  photobcani  19 . 5  cm i n t o  t h e  
r un  s e c t i o n ,  t h e  f i r s t  c l o c k  s t o p p e d  ( s t a r t  t i m e )  and t h e  
s e c o n d  b e g a n .  B r e a k i n g  a n o t h e r  pl i otobeam 69 cm i n t o  t h e  run 
s e c t i o n  s t o p p e d  t h e  s ec ond  c l o c k  ( r u n  t i m e )  and i n i t i a t e d  
t h e  t h i r d ,  whi ch was s t o p p e d  when t h e  l a s t  pho t obeam 12 cm 
i n t o  t h e  g o a l  box was i n t e r r u p t e d  ( g o a l  t i m e ) .  When t h e  
f i n a l  photobeain was b r o k e n  a g u i l l o t i n e  d o o r  was m a n u a l l y  
l o w e r e d  t o  p r e v e n t  r e t r a c i n g .  Ti mi ng c i r c u i t r y  was 
a c t i v a t e d  f o r  us e  i n  t i m i n g  t h e  d e l a y  o f  r e w a r d  ( s e e
P r o c e d u r e ) .  At t h e  end o f  t h e  g o a l  box and r e c e s s e d  4 cm 
was a P l e x i g l a s  f ood cup whi ch  c o u l d  be e i t h e r  c o n c e a l e d  o r  
e x p o s e d  by means  o f  a n o t l i c r  opaque  g u i l l o t i n e  d o o r .
I n d i v i d u a l  t i m e s  f o r  a l l  t h r e e  s e c t i o n s ,  i n  a d d i t i o n  t o  
t o t a l  t r a v e r s a l  t i me  ( t h e  sum o f  a l l  t h r e e  t i m e s )  were
r e c o r d e d  on ea ch  t r i a l .  F r a c t i o n a t e d  and t o t a l  t i m e s  were
c o n v e r t e d  t o  r e c i p r o c a l s  ( 1 / s c c )  and a l l  r e s u l t s  a r e
r e p o r t e d  i n  t e r m s  o f  t h i s  s p e e d  m e a s u r e .  L i g h t i n g
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
P ;)/'(. 1 1
c o n d i t i o n s  i n  t h e  expér imenta: ) !  room c o n s i s t e d  o f  ;i s i n R i e  
100-Wi i t t  b u l b  s u s p e n d e d  dO cm nbovc t h e  c e n t e r  o f  t h e  
r unwny ,  p r o v i d i n g  o d i m,  r e l a t i v e l y  e v e n  i l l u m i p p t i o n  
t h r o u g h o u t  t h e  a p p a r a t u s .
P r o c e d u r e . A 12 gm f ood d e p r i v a t i o n  s c h e d u l e  ( P u r i n a
Ra t  Chow) was e s t a b l i s h e d  t e n  d a y s  b e f o r e  t h e  t r a i n i n g  began  
and was m a i n t a i n e d  t h r o u g h o u t  t h e  e x p e r i m e n t  w i t h
a d j u s t m e n t s  made f o r  food consumed in t h e  g o a l  box .  Du r i n g  
t h e  i n i t i a l  d e p r i v a t i o n  p e r i o d ,  t h e  s u b j e c t s  wer e  h a n d l e d  
d a i l y  b e f o r e  r e c e i v i n g  t h e i r  f ood r a t i o n .
A p r c t r a i n i n g  and h a b i t u a t i o n  p e r i o d  f o l l o w e d
i m m e d i a t e l y  and l a s t e d  f o r  t h r e e  d a y s .  T h i s  c o n s i s t e d  o f  
f i v e  r e i n f o r c e d  t r i a l s  w i t h  t h e  t i m e s  r e c o r d e d , b u t  n o t  used 
i n  t h e  a n a l y s e s .  One t r i a l  was g i v e n  on t h e  f i r s t  d a y ,  and 
two on e a c h  o f  t h e  r e m a i n i n g  two d a y s .
P r c s h i f t  P h a s e .  I n i t i a l l y ,  t h e  s u b j e c t s  wer e  r a ndoml y  
d i v i d e d  i n t o  two g r o u p s  o f  20 s u b j e c t s  e a c h , d e s i g n a t e d  N1 
and N3. Dur i ng  t h i s  p h a s e  ea c h  s u b j e c t  r e c e i v e d  20 d a y s  o f  
s e v e n  t r i a l s  p e r  day  r ( i n fo r e e d  ( where  a p p r o p r i a t e )  wi t h  
t h r e e  p e l l e t s  o f  P u r i n a  Hog S t a r t e r  ( a p p r o x i m a t e l y  90 mg 
e a c h ) .  T h r o u g h o u t  t h e  e x p e r i m e n t  a l l  r e i n f o r c e m e n t s  were 
a v a i l a b l e  f o l l o w i n g  a 20 s e c  d e l a y  upon e n t r y  i n t o  t h e  g o a l  
b ox .  Tl i i s  d e l a y  was i mposed t o  c o u n t e r a c t  any c e i l i n g  
e f f e c t s  (Bower ,  1961)  on r u n n i n g  s peed  whi ch  may c o n c e a l  
p o s i t i v e  c o n t r a s t  e f f e c t s .  The two g r o u p s  d i f f e r e d  o n l y
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
P.U' .c  1 ' ’
w i t h  r e s p e c t  t o  t h e  N - l c n g t h  o f  t h e  p n r t i n l  r e i n f o r c e m e n t  
s c h e d u l e  t o  whici i  t h e y  were  t r a i n e d .  T h a t  i s ,  p e r c e n t a g e  
and m a g n i t u d e  o f  r e wa r d  were  t h e  same f o r  b o t h  g r o u p s .  The 
s c h e d u l e s ,  wh i ch  wer e  r e p e a t e d  e v e r y  s e v e n  dj iys ,  a r e  
p r o v i d e d  i n  T a b l e  1.
I n s e r t  T a b l e  1 a b o u t  h e r e
• On ea c h  t r i a l  t h e  s u b j e c t  was p l a c e d  i n  t h e  s t a r t  box 
f a c i n g  t h e  s t a r t  box d o o r .  A f t e r  2 s e e  o f  o r i e n t a t i o n  
t owa r d  t h e  d o o r ,  t h e  d o o r  was m a n u a l l y  r a i s e d  and t h e  
s u b j e c t  was a l l o w e d  t o  t r a v e r s e  t h e  runway and e n t e r  t h e  
g o a l  box ,  whe r e upon  t h e  g o a l  box d o o r  was l o w e r e d .  On R 
t r i a l s  t h e  s u b j e c t  was removed f rom t h e  g o a l  box and 
r e t u r n e d  t o  t h e  h o l d i n g  box a f t e r  t h e  p e l l e t s  were  cons umed .  
On N t r i a l s  t h e  s u b j e c t s  wer e  r emoved a f t e r  35 s e c  ( i . e . ,  
t h e  20 s e e  d e l a y  p e r i o d  + 15 s e c ) .  S u b j e c t s  wer e  r un  i n  
s q u a d s  o f  f o u r  a n i m a l s  e a c h ,  w i t h  e a c h  s quad  c o n s i s t i n g  o f  
two a n i m a l s  f rom e a c h  g r o u p . Each s u b j e c t  r e c e i v e d  t r i a l  1 
b e f o r e  t h e  f i r s t  r e c e i v e d  t r i a l  2 and so on,  d e f i n i n g  an 
i n t c r t r i a l  i n t e r v a l  o f  a p p r o x i m a t e l y  5 min.
P o s t s h i f t  P h a s e .  F o l l o w i n g  ttw'  20 d a y s  o f  p r e s h i f t  
t r a i n i n g ,  t h e  two g r o u p s  were  s u b d i v i d e d  i n t o  two m o r e , 
c r e a t i n g  f o u r  g r o u p s  o f  t e n  r a t s  e a c h .  D i v i s i o n  o f  t h e  two 
o r i g i n a l  g r o u p s  was b a s e d  on a m a t c h i n g  p r o c e s s  u s i n g  t h e
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i ted  w i th o u t  p e rm is s io n .
Pnge 13
l a s t  f o u r  d a y s  o f  p r e s h i f t  s u c h  t h a t  t e r m i n a l  p r c s h i f t  
s p e e d s  we r e  e q u i v a l e n t  f o r  t h e  s u b g r o u p s .  These  f o u r  g r o u p s  
wer e  d e s i g n a t e d  N1-N1,  I41-N3, N3-N3,  and N3-M1,  r e p r e s e n t i n g  
t h e  N - l e n g t h  i n  p r o -  and p o s t s h i f t  r e s p e c t i v e l y .  The same 
s c h e d u l e s  a s  i n  t h e  p r e s h i f t  p h a s e  wer e  u s e d ,  m a i n t a i n i n g  
t h e  same r o t a t i o n .  Gr oups  Nl - Nj  and N3-N1 were  s h i f t e d  t o  
t h e  o p p o s i t e  s e t  o f  s c h e d u l e s  , and Gr o u p s  N1-N1 and N3-N3 
r e ma i n e d  on t h e  same s e t  a s  i n  p r e s h i f t .  D u r i n g  t h e  
p o s t s h i f t  p h a s e  e a ch  squad  c o n s i s t e d  o f  one  s u b j e c t  f rom 
e a ch  g r o u p .  T r a i n i n g  c o n t i n u e d  a s  i n  t h e  f i r s t  p h a s e  f o r  20 
d a y s .
E x t i n c t i o n .  F o l l o w i n g  p o s t s h i f t  t r a i n i n g ,  an 
e x t i n c t i o n  p h a s e  was i m m e d i a t e l y  i mp o s e d .  Du r i n g  t i i i s  p h a s e  
t h e  s u b j e c t s  r e c e i v e d  s e v e n  N t r i a l s  p e r  day f o r  f i v e  d a y s . 
T i mi ng  c r i t e r i a  wore  a s  f o l l o w s :  a maximum o f  60 s e c  wer e
a l l o w e d  i n  any one  s e c t i o n  o f  t h e  r unway,  whe r e upon  t h e  
a n i m a l  was r emoved and p l a c e d  i n  t h e  g o a l  box f o r  t h e  
s t a n d a r d  35 s e c  p e r i o d .  For  e x a mp l e ,  i f  t h e  s u b j e c t  d i d  n o t  
l e a v e  t h e  s t a r t  box i n  60 s e c ,  i t  was r emoved t o  t h e  g o a l  
box and a s s i g n e d  a t i m e  o f  60 s e c  f o r  e a c h  s e c t i o n  ( 180  s e c  
t o t a l ) .
R c s u l t s
P r e s h i f t  P h a s e .  At t h e  end o f  t h e  p r e s h i f t  p h a s e ,  t h e  
two g r o u p s  ( in and N3) were  p e r f o r m i n g  a t  t h e  same 
a s y m p t o t i c  l e v e l ,  a s  may be s e e n  i n  t h e  l e f t  f r ame  o f  F i g u r e
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
PrULr 1'l
1. T h i s  wns coriI ' i rtmni by ,i j.-l ,(.rst on I.hr 1 . i s l  d r y  o f  Ph;ir,<; 
1 (Day 2 0 ) .  The d a i l y  d a t a  p o i n t  f o r  e a ch  s u b j e c t  c o n s i s t e d  
o f  t h e  a v e r a g e  o f  a l l  s e v e n  t r i a l s .  wi nce  n i l  f o u r  s peed  
m e a s u r e s  y i e l d e d  e s s e n t i a l l y  t l i e  same i n f o r m a t i o n ,  o n l y  t h e  
t o t a l  s p e e d s  a r e  g r a p h e d .  Fo r  s t a r t ,  r u n ,  g o a l ,  and t o t a l ,  
t h e  t ' s  we r e :  . 0 6 0 9 ,  . 6 6 3 6 ,  . 0 0 2 5 ,  . 6876  ( d f  = j d ,  £ ' s  >
. 1 0 ) .
The d a t a  wer e  a l s o  a n a l y z e d  u s i n g  o n l y  t hc^  R t r i a l s
f o l l o w i n g  one o r  more N t r i a . l .  For  t h e  N1 c o n d i t i o n  t h e  
d a i l y  d a t a  p o i n t  c o n s i s t e d  o f  t h e  a v e r a g e  o f  t h e  t h r e e  R 
t r i a l s  f o l l o w i n g  an N t r i a l .  Fo r  t h e  M3 c o n d i t i o n ,  t h e  d a t a  
p o i n t  was s i mp l y  t h e  R t r i a l  f o l l o w i n g  t he  t h r e e  N t r i r ’l s .  
Ag a i n ,  ^ - t e s t s  r e v e a l e d  no s i g n i f i c a n t  d i f f e r e n c e s  i n  any o f
t h e  m e a s u r e s  on Day 20 (_t’ s = . 1 1 2 6 ,  . 6 0 7 6 ,  . 0 ^ 3 3 ,  . 7 6 4 ;
d f  = 38;  £ ' s  > . 1 0 ) .  Tlie l e f t  f r a me  o f  F i g u r e  2 d e p i c t s
t h e  t o t a l  s p e e d s  d u r i n g  P h a s e  1 ba s ed  on t h e  R t r i a l s  
f o l l o w i n g  one o r  more  N t r i a l s .
I n s e r t  F i g u r e s  1 & 2 a b o u t  h e r e
P o s t s h i f t  P h a s e .  No ev i d e nee  f o r  ( i t h e r  p o s i t i v e  o r
n e g a t i v e  c o n t r a s t  wa:; found in  any o f  t h e  f o u r  mc ' asur es  
u s i n g  c i t h e r  t h e  a v e r a g e  o f  a l l  s e v e n  t r i a l s  o r  t h e  R t r i a l s  
on t h e  N-R t r a n s i t i o n s .  Four  s e p a r a t e  4 ( g r o u p s )  X 20
( d a y s )  r e p e a t e d  m e a s u r e s  a n a l y s e s  o f  v a r i a n c e  were  p e r f o r m e d
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i ted  w i th o u t  p e rm is s io n .
f o r  t h e  s t a r t ,  r u n ,  g o a l ,  and t o t a l  s p e e d s .  The  a n a l y s e s  
r e v e a l e d  n o n s i g n i f i c a n t  mai n e f f e c t s  f o r  g r o u p s  u s i n g  t h e  
a v e r a g e  ( F ’ s = . 0 3 2 ,  .0-48, . 3 3 0 ,  . 0 9 1 ;  d f  = 3 , 3 6 ;  £ ’ s >
. 1 0 )  and t h e  N-R t r a n s i t i o n s  ( F ’ s = . 0 3 6 ,  . 0 5 0 ,  . 2 9 1 ,  . 1 0 1 ;
d f  = 3 , 3 6 ;  £ ' s  > . 1 0 ) .  The r i g h t  f r a me s  o f  F i g u r e s  i and 2
d e p i c t  t h e  mean t o t a l  s p e e d s  f o r  t h e  f o u r  g r o u p s  d u r i n g  
p o s t s h i f t  u s i n g  b o t h  me t h o d s  o f  d a t a  r e d u c t i o n .
E x t i n c t i o n .  In t h i s  f i n a l  p h a s e ,  a l l  f o u r  g r o u p s
e x t i n g u i s h e d  a t  t h e  same r a t e .  Four  4 ( g r o u p s )  X 5 ( d a y s )
r e p e a t e d  m e a s u r e s  a n a l y s e s  o f  v a r i a n c e  r e v e a l e d  no 
s i g n i f i c a n t  mai n  e f f e c t s  f o r  g r o u p s  i n  any o f  t h e  f o u r
m e a s u r e s  ( F ' s  = . 1 0 2 ,  . 2 1 3 ,  . 1 4 3 ,  . 0 4 5 ;  £ £  = 3 , 3 6 ;  £ ’ s >
. 1 0 ) .  The a v e r a g e  r u n n i n g  s p e e d s  f o r  t h e  t o t a l  m e a s u r e  
d u r i n g  e x t i n c t i o n  a r e  shown i n  F i g u r e  3-
I n s e r t  F i g u r e  3 a b o u t  h e r e  
D i s c u s s i o n
S i n c e  t h e r e  was no h i n t  o f  c i t h e r  a PCE o r  an NCE 
d u r i n g  t h e  s e c o n d  p h a s e ,  t l i e  ou t come o f  t h e  p r e s e n t  
e x p e r i m e n t  c o n t r a s t s  s h a r p l y  w i t h  t h a t  o f  Fox ( 1 9 7 2 ) .  T h e r e  
a r c  s e v e r a l  p o s s i b l e  e x p l a n a t i o n s  ba s e d  on p r o c e d u r a l  
d i f f e r e n c e s  wl i ich may a c c o u n t  f o r  t h e  d i s c r e p a n t  f i n d i n g s .  
A p r i me  p o s s i b i l i t y  c o n c e r n s  t h e  u s e  o f  d e l a y  o f  r e w a r d .  In 
t h e  p r e s e n t  s t u d y ,  d e l a y e d  r e wa r d  was used t h r o u g h o u t  t h e
R e p r o d u c e d  with p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i ted  w i th o u t  p e rm is s io n .
Pnf»( '  1û
s t u d y ,  wl i oroas  i n  t h e  Fox i n v e s t i g a t i o n ,  a d e l a y  was Imposed 
o n l y  d u r i n g  t h e  s e c ond  p h a s e .  I t  i s  q u i t e  p o s s i b l e  t h a t  h i s  
ou t c ome  was t h e  r ( ; s u l t  o f  an i n t e r a c t i o n  b e t we e n  d e l a y  o f  
r e wa r d  s h i f t  and s h i f t  i n  N - I e n g t h .
A n o t h e r  p o s s i b i l i t y  i n v o l v e s  t h e  s i m u l t a n e o u s  s h i f t  i n  
t l ie number  o f  d a i l y  t r i a l s  a s  w e l l  a s  t h e  s h i f t  i n  
p e r c e n t a g e  o f  r e i n f o r c e d  t r i a l s  Fox u s e d .  Doth o f  t h e s e  
v a r i a b l e s  wer e  h e l d  c o n s t a n t  d u r i n g  b o t h  p h a s e s  i n  t h e  
p r e s e n t  e x p e r i m e n t .
S i n c e  t h e  n u l l  h y p o t h e s i s  o f  no d i f f e r r n c r ' s  b e t we e n  t h e  
g r o u p s  was n o t  r e j e c t e d ,  a n o t e  on t h e  power  ( i . e . ,  t h e  
p r o b a b i l i t y  o f  r e j e c t i n g  t h e  n u l l  h y p o t h e s i s ,  g i v e n  t h a t  i t  
i s  f a l s e )  o f  t h e  t e s t  i s  i n  o r d e r . Due t o  t h e  d i f f i c u l t y  o f  
c a l c u l a t i n g  power  when t h e  ^  v a l u e s  a r e  l e s s  t h a n  one ( c . f . ,  
K i r k ,  1963)  an a l t e r n a t i v e  a p p r o a c h  was t a k e n .  Mean s q u a r e  
e r r o r  t e r m s  o b t a i n e d  in t h e  p r e s e n t  e x p e r i m e n t  compare  
f a v o r a b l y  w i t h  t h o s e  o b t a i n e d  i n  s i m i l a r  s t u d i e s  f rom our  
l abo - Tr i t o r y . Th u s ,  i t  a p p e a r s  t h e r e  i s  n o .  s e r i o u s  p r o b l e ms  
r e g a r d i n g  t h e  power  o f  t h e  t e s t .
The o u t come  o f  t h i s  s t u d y  a p p e a r s  t o  p r e s e n t  p r o b l e ms  
f o r  C a p a l d i ' s  ( No t e  1) r e i n f o r c e m e n t - ] e v c l  t h e o r y , s i n c e  i t  
c l e a r l y  p r e d i c t s  a PCE in Group M3-N1 and an MCE i n  Group 
N1-N3 u s i n g  t h e  p r e s e n t  p r o c e d u r e s .  Th e s e  d a t a  h owe ve r  a r e  
c o n s i s t e n t  wi t h  an " i n c e n t i v e  a v e r a g i n g "  a p p r o a c h  a d v o c a t e d  
by McHose and P e t e r s  ( 1 9 7 5 ) .  T h i s  v i ew d e - e m p h a s i s o s
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
P 1 /
s r q u o n t i é ! l  v; t r i  .'ib l ('S ;.nd in.sLc .ul oct i t f^rs  on nv('nn<' i fip, 
v a r i o u s  s o u r c e s  o f  i n c e n t i v e . .  A c c o r d i n g l y ,  t h e  N1 and N3 
c o n d i t i o n s  would be v i ewed a s  e q u i v a l e n t  w i t h  r e s p e c t  t o  
i n c e n t i v e ,  and no c o n t r a s t  e f f e c t s  woul d  be e x p e c t e d .
P e r h a p s  t h e  mos t  s u r p r i s i n g  a s p e c t  o f  t h e s e  d a t a  i s  t h e  
l a c k  o f  an N - l e n g t h  e x t i n c t i o n  e f f e c t .  T h a t  i s ,  i t  i s  
g e n e r a l l y  f ound  ( e . g . ,  C a p a l d i ,  1967)  t h a t  s u b j e c t s  e x p o s e d  
t o  l o n g e r  N - l e n g t h s  a r e  more p e r s i s t e n t  i n  t h e  f a c e  o f  
n o n r e w a r d .  T h i s  c l e a r l y  was n o t  f ound  in t h e  p r e s e n t  
e x p e r i m e n t .  A l l  f o u r  g r o u p s  e x t i n g u i s h e d  e q u a l l y  f a s t .  
T h e s e  r e s u l t s  can  be e x p l a i n e d  mos t  r e a d i l y  by a 
d i s c r i m i n a t i o n  e x p l a n a t i o n  ( e . g . ,  Mowrer  and J o n e s ,  19 4 5 ) .  
T h a t  i s ,  a f t e r  40 da ys  o f  r e i n f o r c e m e n t  ( a l b e i t ,  p a r t i a l  
r e i n f o r c e m e n t )  t h e  f i r s t  day  w i t h  c o n t i n u o u s  n o n r e w a r d  i s  
e a s i l y  d i s c r i m i n a b l e  and r e s p o n d i n g  r a p i d l y  c e a s e s .  The 
a s s u m p t i o n  h e r e  i s  t h a t  t t i i s  d i s c r i m i n a b i l  i t y  i s  e q u a l l y  
s a l i e n t  f o r  a l l  f o u r  g r o u p s .
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i ted  w ith o u t  p e rm is s io n .
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a v e r a g e  o f  a l l  s e v e n  d a i l y  t r i a l s .
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R t r i a l s  on N- R t r a n s i t i o n s .
3.  Mean t o t a l  s p e e d s  f o r  t h e  f i v e  d a y s  o f  e x t i n c t i o n  b a s e d
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R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
Fntic 2>'>
C o n t r a s t ,  t f T o r t s  I n v o l v i n ! ' ,  P i o c ( ' ( l u r c s  Otl io!-  Tl ian A p p r t i  1.1 vo
Reward Ma g n i t u d e  S t i i f t s :  A Review o f  t h e  L i t e r a t u r e
John Wal konbach  
U n i v e r s i t y  o f  Montana
S i n c e  t h e  p u b l i c a t i o n  o f  t h e  e a r l y  i n c e n t i v e  s h i f t  
s t u d i e s  by C r e s p i  ( 1 9 4 2 )  and Zeaman ( 1 949)  r e p o r t i n g  
c o n t r a s t  e f f e c t s ,  p a p e r s  ha v e  a p p e a r e d  w i t h  i n c r e a s i n g  
f r e q u e n c y  i n  an i i t t r r np t  t o  d e l i n e a t e  t.he c r i t i c a l  f a c t o r s  
i n v o l v e d  i n  t h e s e  phenomena .  C o n t r a s t  e f f e c t s  can  be o f  two 
t y p e s .  A n e g a t i v e  c o n t r a s t  e f f e c t  (NCE) i s  c h a r a c t e r i z e d  by 
a d e c r e m e n t  i n  some p e r  format nee  m e a s u r e  due  t o  p a s t  
e x p e r i e n c e  w i t h  a more f a v o r a b l e  c o n d i t i o n  o f  r e i n f o r c e m e n t .  
The a n a l o g o u s  i n c r e m e n t  i n  p c r f o r r u a n c c  a t t r i b u t a b l e  t o  p r i o r  
e x p o s u r e  t o  a l e s s  f a v o r a b l e  r e i n f o r c e m e n t  c o n d i t i o n  i s  
t e r me d  a p o s i t i v e  c o n t r a s t  e f f e c t  (PCE) .
E x p e r i m e n t a l  p a r a d i g m s  i n v e s t i g a t i n g  c o n t r a s t  e f f e c t s
can  be c o n v i e n t l y  g r o u p e d  i n t o  t h r e e  c a t e g o r i e s  ( c . f . ,
M a c k i n t o s h ,  1 9 7 4 ) .  T r a n s i e n t  c o n t r a s t  e f f e c t s  a r e ,  a s  t h e  
name i m p l i e s ,  r e l a t i v e l y  s h o r t - l i v e d  f a c i l i t a t i o n s  o r
d e c r e m e n t s  i n  r e . s pond i ng  d u e  t o  t h f  immr d i ,it<- 1 y p r e c r r d i n g
c o n d i t i o n s  o f  r e i n f o r c e m e n t .  T r a n s i e n t  e f f e c t s  o f t e n  t a k e  
t h e  form o f  a s l i g h t  o v e r s h o o t i n g  o r  r e b o u n d  t o  a r e s p o n s e  
l e v e l  above  o r  be l ow n o r m a l .  The mos t  o b v i o u s  exampl e  i s  
i n d u c t i o n  a s  s e e n  i n  c l a s s i c a l  c o n d i t i o n i n g  ( P a v l o v ,  1927,
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
p.  1 8 8 ) .
A s r c o n d  c l a s s i f i c a t i o n  i s  s i m u l t a n e o u s  c o n t r a s t ,  whi ch  
h a s  r e p r e s e n t a t i v e  e x a mp l e s  i n  b o t h  t h e  o p e r a n t  and d i s c r e t e  
t r i a l  l i t e r a t u r e .  In t h e  o p e r a n t  c a s e ,  i n  whi ch  t h e  
phenomena a r e  o f t e n  t e r me d  b e h a v i o r a l  c o n t r a s t ,  i d e n t i c a l  
r e i n f o r c e m e n t  c o n d i t i o n s  a r c  i n i t i a l l y  a r r a n g e d  i n  a
m u l t i p l e  s c h e d u l e .  R e i n f o r c e m e n t  i n  one  compone n t  o f  t h e  
s c h e d u l e  i s  made c i t h e r  more  o r  l e s s  d e n s e .  C o n t r a s t e d  
r e s p o n d i n g  g e n e r a l l y  e n s u e s  ( s e e  r e v i e w  by R a c h l i n ,  1 9 7 3 ) .  
In t h e  d i s c r e t e  t r i a l  s i m u l t a n e o u s  c o n t r a s t  p a r a d i g m ,  
s u b j e c t s  u s u a l l y  r e c e i v e  t r a i n i n g  i n  two d i s c r i m i n a b l y  
d i f f e r e n t  r u n w a y s ,  e a c h  c o n s i s t e n t l y  a s s o c i a t e d  w i t h  a
d i f f e r e n t  r e i n f o r c e m e n t  c o n d i t i o n .  C o n t r a s t  e f f e c t s  a r c
shown when d i f f e r e n t i a l  r e s p o n d i n g  i n  one a p p a r a t u s  o c c u r s  
a s  a r e s u l t  o f  e x p e r i e n c e  w i t h  t h e  o t h e r .
I n  t h e  t h i r d  c a t e g o r y ,  s u c c e s s i v e  c o n t r a s t ,  s u b j e c t s  
r e c e i v e  c o n s i s t e n t  e x p e r i e n c e  v/ i th one c o n d i t i o n  o f  
r e i n f o r c e m e n t  b e f o r e  b e i n g  s h i f t e d  t o  a d i f f e r e n t  c o n d i t i o n ,  
s t i l l  i n  t h e  same é i p p a r a t u s .  As w i l l  become a p p a r e n t ,  t h i s  
p a r a d i g m  a l l o w s  f o r  t h e  i n v e s t i g a t i o n  o f  many v a r i a n t s  o f  
t h e  b a s i c  p r o c e d u r e .  B e h a v i o r a l  and s i m u l t a n e o u s  c o n t r a s t
a r c  b e l i e v e d  t o  have  a common b a s i s  ( e . g . ,  P a d i l l a ,  1971) ,  
b u t  s u c c e s s i v e  c o n t r a s t  a p p e a r s  t o  i n v o l v e  a d i f f e r e n t  
p r o c e s s  ( e . g . .  Ma c k i n t o s h  and L o r d ,  1 9 7 3 ) .  In o r d e r  t o  
l i m i t  i t s  s c o p e ,  t h e  r e m a i n d e r  o f  t h i s  p a p e r  w i l l  be
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
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c o n c e r n e d  p r i m a r i l y  wi Lh s u c c e s s i v e  c o n t r a s t .  e f f c c l . s ,  b u t
w i l l  i n c l u d e  some r e p r e s e n t a t i v e  e x a mp l e s  f rom t h e  
s i m u l t a n e o u s  l i t e r a t u r e  os  w e l l .  U n l e s s  o t h e r w i s e  n o t e d ,  
a l l  c i t e d  l i t e r a t u r e  i s  c o n c e r n e d  wi t h  s u c c e s s i v e  c o n t r a s t  
e f f e c t s  u s i n g  a l b i n o  r a t s  i n  a s t r a i g h t  a l l e y ,  w i t h  r u n n i n g  
s p e e d  as  t h e  d e p e n d e n t  v a r i a b l e  o f  i n t e r e s t .
In o r d e r  t o  u n a m b i g u o u s l y  d e m o n s t r a t e  a s u c c e s s i v e
c o n t r a s t  e f f e c t ,  t h e  g e n e r a l  p r o c e d u r e  i s  t o  i n v o k e  a s h i f t  
i n  r e i n f o r c e m e n t  c o n d i t i o n s  ( c i t h e r  p o s i t i v e  o r  n e g a t i v e )
a f t e r  an ampl e  amount  o f  e x p e r i e n c e  w i t h  t h e  p r e s h i f t  
c o n d i t i o n s ,  and compar e  p o s t s h i f t  p e r f o r m a n c e  w i t h  a c o n t r o l  
g r o u p  g i v e n  t h e  p o s t s h i f t  r e i n f o r c e m e n t  c o n d i t i o n s  from t h e  
b e g i n n i n g .  The " s h i f t  i n  r e i n f o r c e m e n t  c o n d i t i o n s "  can 
r e f e r  t o  any o f  a number  o f  d i f f e r e n t  m a n i p u l a t i o n s .  Whi l e  
m a g n i t u d e  o f  r e i n f o r c e m e n t  h a s  been  mos t  commonly u s e d ,  
p r o c e d u r e s  u s i n g  s h i f t s  i n  v a r i a b l e s  s u c h  os  d e l a y  o f  
r e w a r d ,  p u n i s h m e n t ,  s c h e d u l e s  o f  p a r t i a l  r e i n f o r c e m e n t , 
p e r c e n t a g e  o f  r e w a r d ,  q u a l i t y  o f  r e w a r d ,  e t c . ,  have  a l s o  
been  r e p o r t e d .  The p r e s e n t  r e v i e w  i s  i n t e n d e d  t o  exami ne  
t h e  d a t a  on c o n t r a s t  e f f e c t s  u s i n g  p r o c e d u r e s  o t h e r  t h a n  
a p p e t i t i v e  r e wa r d  m a g n i t u d e  s l i i f t s .  Fo r  a r e v i e w  o f  r ewar d  
ma g n i t u d e  s h i f t  s t u d i e s  s e e  Bl ack  ( 1 9 5 8 ) ,  Dunham ( 1 9 5 8 ) ,  and 
Cox ( 19Y5) .
De l a y  o f  Re wa r d .
I t  i s  w e l l  known ( e . g . ,  Logan ,  I 960)  t h a t  i n t r o d u c i n g  a
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
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d e l a y  b e f o r e  t h e  d e l i v e r y  o f  l.he r ewor d  l ies a d v e r s e  e f f e c t s  
on i n s t r u m e n t a l  r e s p o n d i n g .  De l a y  o f  r e wa r d  i s  w i d e l y  
t r e a t e d  as  an i n c e n t i v e  v a r i a b l e  ( R e n n e r ,  19C4) ,  and 
t h e r e f o r e  would be e x p e c t e d  t o  p i n y  a r o l e  i n  t h e  s t u d y  o f  
i n c e n t i v e  c o n t r a s t  e f f e c t s .  In t h e  s u c c e s s i v e  c o n t r a s t  
l i t e r a t u r e ,  d e l a y  was f i r s t  us ed  as  a me t hod  t o  h o l d  down 
r u n n i n g  s p e ed  t o  a v o i d  a " c e i l i n g  e f f e c t "  ( P e r c b o o m,  1957;  
Bower ,  1961)  whi ch  may be  r e s p o n s i b l e  f o r  t h e  f a i l u r e  t o  
f i n d  a PCE i n  some s i t u a t i o n s .  T h a t  i s ,  i t  i s  q u i t e  l i k e l y  
t h a t  s u b j e c t s  a r e  r e s p o n d i n g  a t  t h e i r  maxi mal  l e v e l  a t  t h e  
end o f  p r e s h i f t  t r a i n i n g  whi ch  would p r e v e n t  r e s p o n d i n g  a t  a 
h i g h e r  l e v e l  d u r i n g  t h e  p o s t s h i f t  p h a s e .  Wi t h  t h e  
i n t r o d u c t i o n  o f  a d e l a y  o f  r e i n f o r c e m e n t ,  r e s p o n d i n g  w i l l  be 
r e d u c e d  t o  a sub-max imal  l e v e l  and p o s i t i v e  c o n t r a s t  e f f e c t s  
w i l l  be f r e e  t o  a p p e a r .  T h i s  c e i l i n g  e f f e c t  h y p o t h e s i s  has  
bee n  s u p p o r t e d  by t h e  u s e  o f  d e l a y  o f  r e wa r d  ( H c l l g r e n ,  
1972)  and o t h e r  r e s p o n s e  l i m i t i n g  p r o c e d u r e s  ( e . g . ,  S e y b e r t  
and H c l l g r e n ,  1972;  S h a n s b ,  S a n d e r s ,  and P r e ma c k ,  1969;  
W e i n s t u c k , 1971;  H c l l g r e n ,  N a t i o n , W r a t h e r ,  and J o b e ,  Note
1; Wa l l a c h  and S e r e s ,  1 971) .
T h e r e  i s  however  a f a i r  amount  o f  e v i d e n c e  a g a i n s t  t l i c 
c e i l i n g  e f f e c t  h y p o t h e s i s .  A r e c e n t  r e p o r t  by Moore and 
McHose ( 1 9 7 5 )  found t h a t  i n c o r p o r a t i n g  a d e l a y  o f  
r e i n f o r c e m e n t  w i t h  a d e c r e a s e  i n  r ewa r d  m a g n i t u d e  a l s o  
e n h a n c e s  t h e  NCE, an ou t come  n o t  r e a d i l y  d e r i v a b l e  f rom t h e
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
c e i l i n g  e x p l a n a t i o n .  In a d d i l . i o n ,  t h e  common f i n d i n g  o f  a 
p a r t i a l  r e i n f o r c e m e n t  a c q u i s i t i o n  e f f e c t  ( c . f . ,  R o b b i n s ,  
1970)  t e n d s  t o  d i s c r e d i t  t l i i  s  h y p o t h e s i s  s i n c e  t h e  " c o i l i n g "  
o f  t h e  c o n t i n u o u s  r c i n f o r c o t n c n t  g r o u p  i s  a s y m p t o t i c a l l y  
e x c e e d e d  by t h e  p a r t i a l  r e i n f o r c e m e n t  g r o u p .  The c o i J  i ng  
e x p l a n a t i o n  i s  p r o b a b l y  a mi snomer  and i t  i s  l i k e l y  t h a t  
d e l a y  o f  r e wa r d  h a s  i n t e r a c t i v e  e f f e c t s  w i t h  r e wa r d  
m a g n i t u d e  s h i f t s  beyond t h a t  o f  s i m p l y  h o l d i n g  down r u n n i n g  
s p e e d s .  C o n s i s t e n t  w i t h  t h i s  n o t i o n  i s  t h e  r e c e n t  
r e i n f o r c e m e n t  l e v e l  t h e o r y  a d v a n c e d  by C a p n l d i  ( Ho t e  2 ) .  
The e x a c t  f u n c t i o n  o f  d e l a y  o f  r e wa r d  i s  s t i l l  a m a j o r  i s s u e  
and f a r  f rom b e i n g  r e s o l v e d .  R e s e a r c h  i n v o l v i n g  s h i f t s  i n  
d e l a y  a r e  b e g i n n i n g  t o  g e t  a t  t h i s  p r o b l e m more c l e a r l y .
H u l l  ( 1 9 4 j )  i n t e r p r e t e d  t h e  e f f e c t s  o f  d e l a y  o f  
r e i n f o r c e m e n t  a s  a n a l o g o u s  t o  r e d u c t i o n  i n  t h e  s i z e  o f  
r e w a r d .  Bot h  wer e  s e e n  a s  p r o d u c i n g  s r e d u c t i o n  i n  
m o t i v a t i o n .  I n  l i g h t  o f  t h i s  a n a l y s i s ,  i t  i s  n o t  s u r p r i s i n g  
t o  e x p e c t  c o n t r a s t  e f f e c t s  due o n l y  t o  s h i f t s  i n  d e l a y .  
T h a t  i s ,  a s h i f t  f rom a s h o r t  t o  a l o n g e r  d e l a y  may be 
e x p e c t e d  t o  p r o d u c e  an NCE, w h e r e a s  a PCE may r e s u l t  f rom a 
l o n g  t o  a s h o r t e r  d e l a y  s h i f t .  T h e r e  a r e  a f a i r  amount  o f  
d a t a  c o n c e r n e d  w i t h  s h i f t s  i n  del r>y,  and t h e  f o l l o w i n g  i s  a 
summary o f  thc> f i n d i n g s .
Shannb and McCui s t on  ( 1 9 7 0 )  used  a t h r e e  p h a s e  d e s i g n  
t o  a s s e s s  t h e  r e l a t i v e  c o n t r i b u t i o n s  o f  d e l a y  and r e wa r d
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i ted  w i th o u t  p e rm is s io n .
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m.'ign i t.U'le Lo con(-r nnU ( f f r c l . 3  . I’li.ir,' ' 1 coiir; i V.cii o f  1 i 
( d e l a y  o f  0,  15,  o r  jO s e c )  X 2 (1 o r  12 p e l l e t s )  f a c t o r i a l  
a r r a n g e m e n t  p r o d u c i n g  s i x  g r o u p s .  In P h a s e  2,  a l l  g r o u p s  
r e c e i v e d  12 p e l l e t s  w i t h  t h e  same d e l a y  a s  i n  P h a s e  1.  In 
P h a s e  3,  a g a i n  12 p e l l e t s  wore  g i v e n  t o  a l l  g r o u p s ,  b u t  t h i s  
t i m e  w i t h  a c o n s t a n t  15 s e c  d e l a y  o f  r e w a r d .  Fo r  p u r p o s e s  
o f  t h e  p r e s e n t  d i s c u s s i o n .  Ph a s e  3 d a t a  a r c  o f  p r i m a r y  
i n t e r e s t ,  s i n c e  d e l a y  was s h i f t e d  w h i l e  r e wa r d  m a g n i t u d e  was 
h e l d  c o n s t a n t .  An NCE was found i n  t l ie g r o u p  s h i f t e d  f rom 0 
t o  1 5  s e c  d e l a y  i n  b o t h  t h e  1 and 12 p e l l e t  c o n d i t i o n s .  No 
PCE was  o b t a i n e d .  Th e s e  r e s u l t s  s u g g e s t  t h a t  a s h i f t  i n  
d e l a y  p r o d u c e s  an NCE b u t  no PCE.
T h i s  f i n d i n g  i s  s u p p o r t e d  by McHose and T a u b e r  ( 1 9 7 2 )  
who a l s o  m a n i p u l a t e d  p r o -  and p o s t s h i f t  d e l a y  o f  r e w a r d .  
S u b j e c t s  s h i f t e d  f rom 10 t o  30 s e c  d e l a y  ( w i t h  r e wa r d  
m a g n i t u d e  h e l d  c o n s t a n t )  e x h i b i t e d  an NCE r e l a t i v e  t o  a 
g r o u p  whi ch  r e c e i v e d  t h e  30 s e c  d e l a y  t h r o u g h o u t .  No PCE 
was shown i n  any g r o u p  s h i f t e d  f rom 3 0  s e c  t o  10 s e c  d e l a y .
I n  a r e l a t e d  s t u d y ,  Shanab  ( 1 9 7 1 )  s h i f t e d  s u b j e c t s  f rom 
a p a r t i a l  d e l a y  ( i . e . ,  d e l a y e d  on some,  b u t  n o t  a l l  t r i a l s )  
t o  a c o n t i n u o u s  d e l a y  and f rom i mme d i a t e  r e i n f o r c e m e n t  t o  
c o n t i n u o u s  d e l a y .  An MCE was found o n l y  i n  t h e  l a t t e r  
g r o u p ,  s u g g e s t i n g  tlia.t  s o m e  e x p o s u r e  v û t h  t h e  p o s t s h i f t  
d e l a y  c o n d i t i o n s  may be s u f f i c i e n t  t o  p n ^ v c n t  t h e  o c c u r a n c e  
o f  an NCE.
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i ted  w i th o u t  p e rm is s io n .
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Whi l o  f i l l  o f  t.lir f or ' c t nonl ioni ' d  i nv es t  i ^ a l i o i i  ij h n v r  
r e a c h e d  more  o r  l e s s  t h e  Siiine c o n c l u s i o n s ,  t h i s  h a s  n o t  
a l w a y s  been  t h e  c a s e .  Sh a n a b ,  Rouse ,  and C a v a l l c r o  ( 1 9 7 3 )  
f a i l e d  t o  f i n d  any e v i d e n c e  f o r  e i t h e r  an NCE o r  a PCE u s i n g  
s h i f t s  f rom 0 s e c  t o  jO s e c  d e l a y  and v i c e  v e r s a ,  w i t h  
r e wa r d  m a g n i t u d e  h e l d  c o n s t a n t  a t  e i t h e r  1 o r  22 p e l l e t s .
S i m i l a r l y ,  McCain,  Doodee ,  and Lobb ( 1 9 7 7 )  u s i n g  s 
m u l t i p l e  s h i f t  p r o c e d u r e  f a i l e d  t o  f i n d  c o n t r a s t  u s i n g  d e l a y  
p a r a m e t e r s  o f  10 and 30 s e c .  T h i s  f i n d i n g  i s  a t  o d d s  w i t h  a 
p r e v i o u s  r e p o r t  f rom t h e  same l a b o r a t o r y  ( McCai n ,  Lobb,  
Almond,  and Le e k ,  1976)  whi ch  d i d  o b t a i n  an NCE w i t h  a d e l a y  
s h i f t  f rom 10 t o  3 0  s e c .
Shanab and B i l l e r  ( 1 9 7 2 )  f a i l e d  t o  f i n d  a PCE a s  a 
r e s u l t  o f  a s i m p l e  u p s h i f t  i n  r e wa r d  m a g n i t u d e  o r  a s i m p l e  
d e c r e a s e  i n  t h e  d e l a y  i n t e r v a l .  A PCE was f ound  however  
u s i n g  a s h i f t  f rom s m a l l  t o  l a r g e  r e wa r d  m a g n i t u d e  o n l y  when 
i t  was a c c o mp a n i e d  by a s h i f t  i n  d e l a y  f rom 30 s e c  t o  15 
s e c .  In t h e  same s t u d y  an NCE was r e p o r t e d  due o n l y  t o  a 
s h i f t  i n  d e l a y  f rom 3 0  t o  10 s o c .
To d a t e ,  t h e r e  h a s  b ee n  o n l y  one s t u d y  whi ch  r e p o r t e d  a 
PCE r e s u l t i n g  o n l y  f rom a s h i f t  i n d e l a y .  Sg r o  and 
We i n s t o c k  ( 1963)  found a PCE in a s l i i  f t  f rom 30 s e c  t o  0 s e c  
d e l a y .  A ma j o r  d i f f e r e n c e  i n  t h i s  s t u d y  howe ve r  was t h e  us e  
o f  w a t e r  r e i n f o r c e m e n t .  I t  h a s  bee n  found  ( Lo g a n ,  I 960)  
t h a t  w a t e r  r e wa r d  l e a d s  t o  a l o we r  a s y m p t o t i c  r u n n i n g
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
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s p e e d s ,  p r e c i s e l y  t h e  c o n d i t . l o n  i n  whi ch  P C f ' s  , i rc % e n e r n l l y  
f o u n d .
In t h e  s i m u l t a n e o u s  c o n t r a s t  1 i t e r a t i i r e , Beery  ( 1 9 6 8 )  
o b t a i n e d  an NCE u s i n g  a d i f f e r e n t i a l  c o n d i t i o n i n g  p a r a d i g m .  
I t  was f ound  t h a t  s p e e d  o f  r u n n i n g  t o  S ( 1 )  s i g n a l l i n g  a 10 
s e c  d e l a y  o f  r e i n f o r c e m e n t  was an i n v e r s e  f u n c t i o n  o f  t h e  
d e l a y  l e n g t h  c o n c u r r e n t l y  i n  e f f e c t  i n  S ( 2 ) .  S i m i l a r  
r e s u l t s  h a v e  b e e n  r e p o r t e d  by C h e c h i l e  and F o wl e r  ( 1 9 7 3 )  and 
by S g r o ,  G l o t f c l t y ,  and P o d l e s n i  ( 1 9 6 9 ) .  In a s t u d y  
d i r e c t l y  c o m p a r i n g  s i m u l t a n e o u s  and s u c c e s s i v e  c o n t r a s t  
p r o d u c e d  by d e l a y .  M a c k i n t o s h  and Lo r d  ( 1973)  f ound  an NCE 
u s i n g  t h e  s i m u l t a n e o u s  p r o c e d u r e  b u t  n o t  i n  t h e  s u c c e s s i v e  
p a r a d i g m .  The l a c k  o f  an NCE i n  t h e  l a t t e r  c a s e  i n v o l v e d  a 
s h i f t  f rom 0 t o  19 s e c .  T h i s  f i n d i n g  i s  a t  od d s  w i t h  t h e  
Shanab and Mc Cui s t on  ( 19 7 0 )  s t u d y  wh i c h  us ed  t h e  some d e l a y  
p a r a m e t e r s .
The r e s u l t s  o f  s t u d i e s  whi ch  empl oyed  s h i f t s  i n  d e l a y  
w h i l e  h o l d i n g  rowaird m a g n i t u d e  c o n s t a n t  a p p e a r  t o  be 
somewhat  c o n s i s t e n t ,  b u t  t h e  many f a i l u r e s  t o  r e p l i c a t e  
s u g g e s t  t h a t  t h e s e  p h e n o m e n a  a r e  n o t  o v e r l y  r o b u s t .  When 
t h e  l e n g t h  o f  t h e  d e l a y  i r i t e r v r l  p r c c e e d i n g  r e i n f o r c e m e n t  i s  
i n c r e a s e d ,  n e g a t i v e  c o n t r a s t  e f f e c t s  a n '  o b s e r v e d .  When t h e  
d e l a y  i n t e r v a l  i s  d e c r e a s e d , p o s i t i v e  c o n t r a s t  e f f e c t s  do 
n o t  a p p e a r ,  e x c e p t  p o s s i b l y  i n  t h e  c a s e  o f  w a t e r  
r e i n f o r c e m e n t .  I t  may be n o t e d  t h a t  t h e  d e l a y  i n t e r v a l s
R e p r o d u c e d  with p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i ted  w i th o u t  p e rm is s io n .
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us e d  in t h e  f o r e m e n t  j oneci iriv e s t  i j 'nt . i  orir> wert '  o f  n r n t . h e r  
l i m i t e d  r a n g e  (0 t o  30 s e c ) .  P e r h a p s  t h e  us e  o f  l o n g e r  
d e l a y s  may be  i l l u m i n a t i n g ,  p a r t  i e u 1 a r 1 y w i t h  r e s p e c t  t o  t h e  
PCE.
A v e r s i y c  C o n d i t i o n i n g .
S i n c e  t h e r e  a r e  b o t h  f u n c t i o n a l  and t h e o r e t i c a l  
p r e c e d e n t s  f o r  t r e a t i n g  p u n i s h m e n t  and r ewa r d  a s  s y m m e t r i c a l  
o p p o s i t e s ,  i t  i s  n o t  s u r p r i s i n g  t h a t  s h i f t s  i n  p u n i s h m e n t  
l e v e l  may be e x p e c t e d  t o  p r o d u c e  c o n t r a s t  e f f e c t s .  In t h e  
r unway ,  t h e r e  a r e  t h r e e  p o s s i b l e  t e c h n i q u e s  f o r  s t u d y i n g  t h e  
e f f e c t s  o f  p u n i s h m e n t  s h i f t s  w i t h  r e s p e c t  t o  c o n t r a s t  
e f f e c t s .
The f i r s t  o f  t h e s e  i s  e s c a p e  c o n d i t i o n i n g .  In t h i s  
p a r a d i g m t h e  c n t i r e  r u n w a y , w i t h  t h e  e x c e p t i o n  o f  t h e  g o a l  
box i s  e l e c t r i f i e d .  The r u n n i n g  r e s p o n s e  i s  r e i n f o r c e d  by 
s h o c k  o f f s e t  upon r e a c h i n g  t h e  g o a l  box .  Onl y  one  
e x p e r i m e n t  p r o v i d e s  d a t a  u s i n g  t h i s  p r o c e d u r e .  N a t i o n ,  
W r a t h e r ,  and M e l l g r e n  ( 1 i n i t i a l l y  t r a i n e d  t h r e e  g r o u p s
o f  r a t s  t o  e s c a p e  e i t h e r  . 2 ,  . '1, o r  .8 rnA s h o c k .  A l l  g r o u p s  
wer e  t h e n  s h i f t e d  t o  . N mA s h o c k  e s c a p e .  R e s u l t s  o f  t h e  
s t u d y  i n d i c a t e  a r e l i a b l e  PCE in Gr oup  . 2- . *!  a s  we l l  a s  a 
s i g n i f i c a n t  NCE i n  Group . 8 - . i | .
An e a r l i e r  s t u d y  by Bower,  F o w l e r ,  and T r a p o l d  ( 1 9 5 9 )  
e x e m p l i f i e s  a n o t h e r  t e c h n i q u e  f o r  s t u d y i n g  c o n t r a s t  e f f e c t s  
w i t h  a v e r s i v e  c o n d i t i o n i n g .  I n  t h i s  s t u d y  r e i n f o r c e m e n t
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
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c o n s i s t e d  o f  s hock  r e d u c t i o n  r a t h e r  t h a n  shock  e s c a p e .  Two 
l e v e l s  o f  s hock  r e d u c t i o n  wero e mpl oyed :  ;i 200 V r e d u c t i o n
f rom runway t o  g o a l  box ( h i g h  i n c e n t i v e )  and £ 50 V 
r e d u c t i o n  ( l ow i n c e n t i v e ) .  A f t e r  an i n i t i a l  p e r i o d  o f  
t r a i n i n g ,  e a c h  g r o u p  was s h i f t e d  t o  t h e  o p p o s i t e  c o n d i t i o n .  
No e v i d e n c e  f o r  e i t h e r  a PCE o r  an MCE was  f o u n d .  There:  i s
a s e r i o u s  s o u r c e  o f  c o n f o u n d  i n  t h i s  s t u d y  h o we v e r ,  a s  
p o i n t e d  o u t  by N a t i o n  e t  ( 1 9 7 4 ) .  S i n c e  t h e  s u b j e c t s  wer e  
r emoved f rom t h e  a p p a r a t u s  f o l l o w i n g  e a c h  t r i a l ,  t h e  s hock  
l e v e l  was i n  e f f e c t  r e d u c e d  t o  z e r o .  S u b j e c t s  wore  
e x p e r i e n c i n g  r e p e a t e d  s h i f t s  i n  r e i n f o r c e m e n t  m a g n i t u d e ,  n 
t e c h n i q u e  i n  whi ch  t h e  o b s e r v a t i o n  o f  c o n t r a s t  e f f e c t s  may 
be o b s c u r e d  i n  t h e  a p p e t i t i v e  c a s e  ( s e e  C a p a i d i  and L.ynch,  
1967) .
A s i m i l a r  s t u d y  by Howe ( 1961)  whi ch  us e d  t h e  some 
s hoc k  r e d u c t i o n  p a r a m e t e r s  and o b t a i n e d  t h e  same r e s u l t s  as  
Bower ^  ( 1959)  i s  a l s o  s u b j e c t  t o  t h i s  some c r i t i c i s m .
In a d d i t i o n ,  t h e  l a c k  o f  c o n t r o l  g r o u p s  makes  t h i s  s t u d y  
p a r t i c u l a r l y  a mb i g u o u s .
A t h i r d  t e c l i n i q u e  i n v o l v e s  s h o c k  i n  t h e  g o a l  box j u s t  
p r i o r  t o  t h e  s u b j e c t ' s  c o n s u m p t i o n  o f  food r e w o r d .  In on 
u n p u b l i s h e d  D o c t o r a l  d i s s e r t a t i o n ,  N a t i o n  ( Not e  1) s h i f t e d  
s u b j e c t s  f rom . 1 ,  . 4 ,  o r  .B niA g o a l  box shock  t o  .4 niA s hock
i n  Ph a s e  2 w i t h  f ood revjord m a g n i t u d e  h e l d  c o n s t a n t  
t h r o u g h o u t .  Hi s  r e s u l t s  i n d i c a t e  on NCE i n  Gr oup . 1 - . 4 ,  b u t
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
no PCI*' i n  Group . 8 - . 'I.
An o t h e r  me t hod  o f  p r o d u c i n g  n v e r s i v c  c o n d i t i o n i n g  h a s  
bee n  us ed  i n  a s e r i e s  o f  s t u d i e s  by Woods.  t s c n p o  
c o n d i t i o n i n g  u s i n g  o runway f i l l e d  w i t h  c o l d  w a t e r  w i t h  
warmer  w a t e r  i n  t h e  g o a l  s e c t i o n  i s  c o n c e p t u a l l y  a n a l o g o u s  
t o  s h o c k  r e d u c t i o n .  Us i ng  two l e v e l s  o f  c o l d  r e d u c t i o n  
( 2 5 " C  t o  2 7 ' C ,  o r  25" C t o  41" C) Woods ( 1967)  r e p o r t e d  
n e g a t i v e  c o n t r a s t  b u t  no p o s i t i v e  c o n t r a s t .  The NCE was 
l a t e r  r e p l i c a t e d  by Woods ( 1973)  u s i n g  s h i f t s  f rom 15" C t o  
19*C and 15 ®C t o  39"C.  Th e s e  s t u d i e s  a l s o  mus t  be v i ewed  
w i t h  c a u t i o n  f o r  t h e  same r e a s o n s  a s  d i s c u s s e d  a b o v e .  
F o l l l o w i n g  e a c h  t r i a l ,  t h e  a n i m a l s  were  r emoved f rom t h e  
w a t e r ,  t h e r e b y  mak i ng  i t  a r e p e a t e d  s h i f t  i n  r e i n f o r c e m e n t  
l e v e l  ( i . e . ,  f rom c o l d  w a t e r  t o  warmer  w a t e r  t o  no w a t e r ) .  
P e r h a p s  a b e t t e r  d e s i g n  would i n v o l v e  e s c a p i n g  f rom 
d i f f e r e n t  t e m p e r a t u r e s  o f  w a t e r ,  a n a l o g o u s  t o  t h e  N o t i o n  £ t  
a l  ( 1 9 7 4 )  d e s i g n .
S t i l l  a n o t h e r  a t t e m p t  t o  show c o n t r a s t  e f f e c t s  w i t h  
a v e r s i v e  c o n d i t i o n i n g  was r e p o r t e d  by Ol s o n  and E l d e r  ( 1973)  
u s i n g  a s h o c k - a v o i d a r i c e  p a r a d i g m .  S u b j e c t s  wer e  t r a i n e d  t o  
a v o i d  s h o c k  o f  e i t h e r  .4 mA o r  1 . 2  mA and wore t h e n  s w i t c h e d  
t o  t h e  o p p o s i t e  l e v e l .  No r e l i a b l e  c o n t r a s t  e f f e c t s  were  
o b t a i n e d  i n  t h e  d e p e n d e n t  m e a s u r e ,  a n t i c i p a t o r y  r e s p o n s e s .
F i n a l l y ,  M c A l l i s t e r ,  M c A l l i s t e r ,  Br o o k s ,  and Goldman 
( 1 9 7 2 )  us e d  s t i l l  a d i f f e r e n t  p r o c e d u r e .  S u b j e c t s  were
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
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f i r s t  g i v e n  c l a s s i c i i l  f o n r - c o n d i t i o n i n g  t r i a l s  i n  one  s i d e  
o f  n t wo-way s h u t t l e  b ox .  They wore  t h e n  a l l o w e d  t o  j ump a 
h u r d l e  t o  t h e  o t h e r  s i d e  and e s c a p e  t h e  f e a r - c l i e i t i n g  
s t i m u l i .  R e i n f o r c e m e n t  m a g n i t u d e  ( d e f i n e d  i n  t e r m s  o f  f e a r  
r e d u c t i o n )  d u r i n g  t h e  h u r d l e  j umpi ng  p h a s e  was e i t h e r  l a r g e  
o r  s m a l l  t h r o u g h o u t  ( t h e  c o n t r o l  g r o u p s )  o r  i t  was i n c r e a s e d  
f o r  one  g r o u p  w h i l e  i t  was d e c r e a s e d  f o r  t h e  o t h e r .  
A l t h o u g h  t h e r e  was no e v i d e n c e  o f  p o s i t i v e  c o n t r a s t ,  t h e r e  
was a c l e a r  d e m o n s t r a t i o n  o f  an MCE.
In summary,  v e r y  few d a t a  e x i s t  whi ch  c o n t r i b u t e  t o  
c o n t r a s t  e f f e c t s  i n  a v e r s i v e  c o n d i t i o n i n g .  The s t u d y  by 
N a t i o n  £ t  £ l  ( 1 9 7 4 )  shows b o t h  a PCE and an NCE w i t h  e s c a p e  
c o n d i t i o n i n g .  The o t h e r  two s i m i l a r  s t u d i e s  wh i ch  f a i l e d  t o  
f i n d  c o n t r a s t  e f f e c t s  a r e  ambi guous  due t o  t h e  p r o b l e ms  
d i s c u s s e d  a b o v e .  N a t i o n  ( No t e  3)  f ound  an NCE b u t  no PCE i n  
a p u n i s h m e n t  s h i f t  s t u d y .  The a v e r s i v e  w a t e r  s t u d i e s  by 
Woods ( 1967 ;  1973)  a r e  a l s o  d i f f i c u l t  t o  i n t e r p r e t  b e c a u s e
o f  m e t h o d o l o g i c a l  p r o b l e m s .  S i mp l y  n o t  enough  d a t a  a r e  
a v a i l a b l e  t o  draw any c o n c l u s i o n  r e g a r d i n g  a v e r s i v e  o r  f e a r  
c o n d i t i o n i n g .  Based on t h i s  l i m i t e d  ( v i d c n c e ,  i t  would 
a p p e a r  t h a t  e s c a p e  c o n d i t i o n i n g  i s  a n a l o g o u s  t o  a p p e t i t i v e  
c o n d i t i o n i n g  i n  t h a t  b o t h  a NCE and an PCE arc: o b t a i n a b l e ,
w i t h  t h e  f o r m e r  b e i n g  more r o b u s t  t h a n  t h e  l a t t e r .  T h i s  
d o e s  n o t  seem t o  be t h e  c a s e  howeve r  when p u n i s h me n t  
p r o c e e d i n g  a p p e t i t i v e  r e i n f o r c e m e n t  i s  u s e d .
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i ted  w i th o u t  p e rm is s io n .
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S h i f t s  i n  t h e  P e r c e n t a g e o f  Rewarded T r i a l s .
C o n t r a s t  e f f e c t s  h av e  been  i n v e s t i g a t e d  u s i n g  s h i f t s  i n  
p e r c e n t a g e  o f  r e wa r d e d  t r i a l s  f rom a number  o f  d i f f e r e n t  
p e r s p e c t i v e s .  One l i n e  o f  i n v e s t i g a t i o n  (Mcl lose an<J P e t e r s ,  
1975)  h a s  a p p r o a c h e d  t h i s  f rom on " i n c e n t i v e  a v e r a g i n g "  
v i e w p o i n t  i n  whi ch  t h e  s u b j e c t s  a r c  p r e s ume d  t o  a v e r a g e  t h e  
i n c e n t i v e  v a l u e  o f  r e i n f o r c e m e n t  o v e r  a number  o f  t r i a l s .  
P r e l i m i n a r y ,  e v i d e n c e  f o r  t h i s  a p p r o a c h  wiis g i v e n  i n  McHose 
and P e t e r s  ( 1 9 7 5 ,  E x p t .  5 ) .  Four  g r o u p s  wer e  a r r a n g e d ,  o n l y  
two o f  whi ch  a r e  r e l e v a n t  t o  t h e  p r e s e n t  d i s c u s s i o n .  A 
g r o u p  was s h i f t e d  f rom 75i2> r e wa r d e d  t r i a l s  t o  25% r e w a r d e d  
t r i a l s  w i t h  r e wa r d  m a g n i t u d e  h e l d  c o n s t a n t  a t  15 p e l l e t s .  
An NCE was d e m o n s t r a t e d  r e l a t i v e  t o  a g r o u p  whi ch  r e c e i v e d  
t h e  257' c o n d i t i o n  t h r o u g h o u t .  I t  s h o u l d  be  n o t e d  t l i a t  t h e  
s c h e d u l e s  o f  p a r t i a l  r e wa r d  wore  c o u n t e r b a l a n c e d  a c r o s s  
d a y s ,  and t h e r e f o r e  s e q u e n t i a l  e f f e c t s  ( C a p a l d i ,  1967)  wer e  
n o t  e x p e r i m e n t a l l y  c o n t r o l l e d  f o r  i n  t h i s  e x p e r i m e n t .
In  a n o t h e r  p e r c e n t a g e  s h i f t  s t u d y ,  Leung and J e n s e n  
( 1 9 6 8 )  s h i f t e d  s u b j e c t s  f rom p a r t i a l  t o  c o n t i n u o u s  r e wa r d  
( P - t )  and v i c e  v e r s a  ( C - F ) .  In t h e  P c o n d i t i o n s ,  s e v e r a l  
v a l u e s  o f  p e r c e n t a g e  o f  r e i n f o r c e m e n t  wer(;  u s e d .  Reward 
m a g n i t u d e  was c o n s t a n t  a c r o s s  a l l  c o n d i t i o n s .  In a d d i t i o n ,  
a g r o u p  was r un  whi ch r e c e i v e d  c o n t i n u o u s  r e i n f o r c e m e n t  
t h r o u g h o u t  ( C- C) .  An u n u s u a l l y  l a r g e  number  ( j U )  o f  mas s ed  
(15 s e c  i n t e r t r i a l  i n t e r v a l )  d a i l y  t r i a l s  were g i v e n  i n  t h i s
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
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S t u d y ,  a p r o c e d u r e  i n c o n s i s t e n t  w i t h  mos t  of'  t h e  c o n t r a s t
e f f e c t s  l i t e r a t u r e .  A l l  o f  t h e  P-C g r o u p s  w i t h  t h e
e x c e p t i o n  o f  t h e  01  g r o u p  ( i . e . ,  no r eword  d u r i n g  p r e s h i f t )  
r a n  f o s t e r  t h a n  t h e  C-C g r o u p  d u r i n g  p o s t s h i f t ,  t h e r e b y
d e m o n s t r a t i n g  P CE ' s .  In t fie C-P g r o u p s ,  r e d u c t i o n  i n  s peed  
d u r i n g  t h e  s ec o n d  p h a s e  was o b s e r v e d  o n l y  i n  t h e  g r o u p s  
whi ch  r e c e i v e d  U% o r  Ib'ü r e wa r d e d  t r i a l s  d u r i n g  p o s t s h i f t .  
Th e s e  f i n d i n g s  a r c  u n u s u a l  s i n c e  a r e l i a b l e  PCE was found  i n  
t h e  a b s e n c e  o f  an NCE. I t  i s  i m p o r t a n t  t o  note liowever- t h a t  
t h e  p r o p e r  c o n t r o l  g r o u p s  f o r  t h e  C-P m a n i p u l a t i o n  wer e  n o t  
r u n ,  and t h e  f a i l u r e s  t o  n o t e  NCE' s  w(' ro b a s e d  o n l y  on 
i n t e r g r o u p  c o m p a r i s o n s .  T h i s  i s  a s e r i o u s  s h o r t c o m i n g  g i v e n  
t h e  r e l a t i v e l y  u n u s u a l  t r a i n i n g  p r o c e d u r e s .  A g a i n , t h e  
p a r t i a l  r e wa r d  s c h e d u l e s  were  a r r a n g e d  b a s e d  on a random 
p r o c e d u r e .
A r e l a t e d  m e t h o d o i o g i c a 1 a s p e c t  may be c o n s i d e r e d  a t  
t h i s  p o i n t .  I t  i s  c l e a r  t h a t  s h i f t s  i n  p e r c e n t a g e  o f
r e i n f o r c e d  t r i a l s  my be a c c o m p l i s h e d  i n  two w a y s . The f i r s t  
o f  t h e s e  i s  t o  h o l d  t h e  number  o f  t r i a l s  c o n s t a n t  and va r y  
t h e  number  o f  r e i n f o r c ■:.■:! t r i a l s .  The ot  u r  i s  t o  v a r y  t h e  
number  o f  t r i a l s  w h i l e  m a i n t a i n i n g  a c o n s t a n t  number  o f  
r e i n f o r c e d  t r i a l s .  The b e h a v i o r a l  e f f e c t s  o f  e a c h  o f  t h e s e  
p r o c e d u r e s  i s  by no means  c l e a r .  T h i s  w i l l  become a p p a r e n t  
when t h e  d a t a  r e p o r t e d  by Fox ( 1 9 7 2 )  a r e  c o n s i d c r d .
Fox ( 1 9 7 2 )  empl oyed s h i f t s  f rom one  v a l u e  o f  p a r t i a l
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i ted  w ith o u t  p e rm is s io n .
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r t ' i n  forcement ,  t o  n n o t h c f  w i t h  rcp.ord t o  p o r c c n t n p . r  o f  
r e i n f o r c e d  t r i e l s .  U n l i k e  t h e  Leung and J e n s e n  ( 1 9 6 8 )  
p r o c e d u r e ,  F o x ’ s s h i f t s  wer e  a c c o m p l i s h e d  by v a r y i n g  t h e  
number  o f  t r i a l s  i n  p r e -  and p o s t s h i f t ,  w h i l e  k e e p i n g  t h e  
number  o f  r e wa r d e d  t r i a l s  c o n s t a n t .  In a d d i t i o n ,  t h e  s h i f t  
was a cc omp a n i e d  by a s h i f t  f rom i mme d i a t e  r e i n f o r c e m e n t  t o  
20 s e c  d e l a y e d  r e wa r d  i n  Pha s e  2.  H i s  d a t a  i n d i c a t e  a 
s t r o n g  PCE as  a r e s u l t  o f  a s h i f t  f rom 25%; t o  50Z- r e i n f o r c e d  
t r i a l s  and an e q u a l l y  r e l i a b l e  NCE when t h e  s h i f t  was i n  t h e  
o p p o s i t e  d i r e c t i o n .  How much o f  t h i s  e f f e c t  can  be 
a t t r i b u t e d  t o  t h e  c h a n g e  i n  t h e  number  o f  t r i a l s  i s  unknown 
s i n c e  t h e s e  c o n t r o l s  were  n o t  i n c l u d e d .  T h i s  p o i n t ,  w h i l e  
c e n t r a l  t o  t h e o r e t i c a l  a c c o u n t s  o f  p a r t i a l  r e i n f o r c e m e n t  eind 
c o n t r a s t  e f f e c t s ,  l ias r e e e i v f d  no e m p i r i c a l  a t t e n t i o n .  The 
Fox ( 1 972)  d a t a  h a v e  b e e n  i n t c r p r e t e d  i n  a q u i t e  d i f f e r e n t  
manne r  by C a p a l d i  ( No t e  2 ) ,  and w i l l  be d i s c u s s e d  i n  t h i s  
c o n t e x t  i n  a l a t e r  s e c t i o n .
In a s t u d y  e mp l o y i n g  m u l t i p l e  s h i f t s ,  McCain,  Lobb,  and 
Newber r y  ( 1976)  r e p o r t e d  an NCE i n  a s h i f t  f rom 75% t o  25% 
r e i n f o r c e d  t r i a l s ,  b u t  o n l y  a f t e r  t h e  s e c ond  s h i f t .  The 
g r o u p s  were  d e s i g n a t e d  L.3LS a n d  Sl.SL, w h e r e  S r e p r e s e n t s  25% 
and 1. i n d i c a t e s  75% r e i n f o r c e d  t r i a l s .  No PCE was found in 
t h e  s h i f t s  . f rom S t o  L.  One r a t h e r  s u r p r i s i n g  ou t come o f  
t h i s  e x p e r i m e n t  was t h e  f i n d i n g  t h a t  i n  Group LSLS r u n n i n g  
s p e e d  a c t u a l l y  i n c r e a s e d  f o l l o w i n g  t h e  f i r s t  s h i f t  f rom 75%
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
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t o  25%. The a u t h o r s  were  u n a b l e  t o  g i ve  a t h e o r e t i c a l  
a c c o u n t  o f  t h e s e  f i n d i n g s .
F i n a l l y ,  Le h r  ( 1 9 7 4 )  r e p o r t e d  a PCE i n  a p e r c e n t a g e  
s h i f t  s t u d y  u s i n g  a c o n s t a n t  20 s e c  d e l a y  t o  c o n t r o l  f o r  
c e i l i n g  e f f e c t s .  Four  g r o u p s  wer e  a r r a n g e d  i n  a 2 X 2 
f a c t o r i a l  d e s i g n  v a r y i n g  p e r c e n t a g e  (50% o r  100%) and r e wa r d  
m a g n i t u d e  (1 o r  8 p e l l e t s )  i n  p r e s h i f t .  Du r i n g  t h e  s e c o n d  
p h a s e  a l l  s u b j e c t s  r e c e i v e d  100% r e wa r d e d  t r i a l s  w i t h  8 
p e l l e t s .  A PCE was  f ound i n  t h e  g r o u p  s h i f t e d  i n  p e r c e n t a g e  
w i t h  c o n s t a n t  m a g n i t u d e  as  w e l l  a s  i n  t h e  g r o u p  s h i f t e d  i n  
m a g n i t u d e  w i t h  c o n s t a n t  p e r c e n t a g e .  The s e  f i n d i n g s  wer e  
r e p l i c a t e d  i n  a s e c o n d  e x p e r i m e n t  e mp l o y i n g  r a t s  o f  b o t h  
s e x e s  and a l o n g e r  p r e s h i f t  p e r i o d .
The 1 i t e r a t u r e  on s h i f t s  f rom c o n t i n u o u s  r e i n f o r c e m e n t  
t o  p a r t i a l  r e i n f o r c e m e n t  i s  r e p l e t e  w i t h  c o n f l i c t i n g  
r e s u l t s .  M i k u l k a ,  L e h r ,  and P a v l i k  ( 19 6 7 )  n o t e d  a d e c r e a s e  
i n  s p e e d s  a s  a r e s u l t  o f  t h i s  s h i f t ,  w h i l e  Bad i n  ( 1 9 6 5 )  
o b s e r v e d  an i n c r e a s e  i n  s p e e d s .  To c o n f u s e  t h e  i s s u e  even  
mor e ,  R a s h o t t e ,  Adelmnn,  and Dove ( 1 9 7 2 )  f a i l e d  t o  f i n d  any 
s i g n i f i c a n t  e f f e c t .
I t  woul d  seem t h a t  much more r e s e a r c l i  i s  n e e d e d  t o  
u n c l o u d  s e v e r a l  i s s u e s  f u n d a m e n t a l  t o  p c ' r c c n t a g e  s h i f t s .  
C e r t a i n l y  s e q u e n t i a l  e f f e c t s  d e s e r v e  a t t e n t i o n  as  w e l l  as  
s h i f t s  i n  t h e  number  o f  t r i a l s  a s  r e p o r t e d  by Fox ( 1 9 7 2 ) .  
As i t  s t a n d s ,  n o t h i n g  c o n c l u s i v e  c an  be s t a t e d  as  t o  t h e
R e p r o d u c e d  with p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i ted  w i th o u t  p e rm is s io n .
st . ' iLus o f  porcontwi f ' e sli i l 'Lr,  w i t h  rc'r' .pecl, t.o coi i lwar.  t  
e f f e c t s .
S c h e d u l e  E f f e c t s .
S e v e r a l  i n v e s t i g a t i o n s  l iavc i m p l i c a t e d  s c h e d u l e s  o f  
p a r t i a l  r e wa r d  a s  i i av i ng  an i m p o r t a n t  i n f l u e n c e  on c o n t r a s t  
e f f e c t s  ( e . g . ,  M i k u l k a ,  Lehr-,  and P a v l i k ,  1967;  Rohmer  and 
I s o n ,  Not e  4 ; C a p a l d i  and Z i f f ,  1 9 6 9 ) ,  b u t  t h e s e  h a v e  a l l  
i n c o r p o r a t e d  r e wa r d  m a g n i t u d e  s h i f t s  i n t e r a c t i o n  e f f e c t s ,  
and a r e  t h e r e f o r e  n o t  r e ] e v e n t  t o  t h e  p r e s e n t  d i s c u s s i o n .  
S h i f t s  i n  p a r t i a l  r e wa r d  s c h e d u l e s  w i t h i n  t h e  c o n t e x t  o f  
p e r c e n t a g e  o f  r e i n f o r c e m e n t  wer e  d i s c u s s e d  i n  t h e  p r e v i o u s  
s e c t i o n .  One s t u d y  ( Fox ,  1972)  whi ch  found b o t h  a PCE and 
an NCE r e s u l t i n g  f rom p e r c e n t a g e  s h i f t s  h a s  b e e n  
r e i n t e r p r e t e d  by C a p a l d i  ( No t e  2)  i n  a q u i t e  d i f f e r e n t
c o n t e x t .  C a p a l d i  v i ews  t h e  c o n t r a s t  e f f e c t s  a s  b e i n g  due  t o  
t h e  s e q u e n t i a l  a s p e c t s  o f  t h e  s c h e d u l e s  i n v o l v e d .  The 
s c h e d u l e s  us ed  by Fox wer e  NNNRMNNR (25%) and NRNR (50%) .  
Not e  t h a t  t h e  f i r s t  s c h e d u l e  c o n t a i n s  an N - l e n g t h  o f  t h r e e  
( s e e  C a p a l d i ,  1967 f o r  a d e f i n i t i o n  o f  t e r ms )  and t h e  l a t t e r  
s c h e d u l e  an N - l e n g t h  o f  o n e .  A c c o r d i n g  t o  C a p a l d i ' s  ( Not e
2)  r e i n f o r c e m e n t  l e v e l  h y p o t h e s i s ,  t h e  c o n t r a s t  e f f e c t s
o b s e r v e d  wer e  t l io r e s u l t  o f  s h i f t s  i n  N- 1 en;; t h . Th i ' r e  i s  o f  
c o u r s e  no way t o  d i si, i n;’ ii i .'di b e t w ' e n  Id 11 two e l  t e r n a t i v e  
e x p l a n a t i o n s  b a s e d  o n l y  on t h e  Fox ( 1972)  s t u d y ,  s i n c e  
p e r c e n t a g e ,  number  o f  t r i a l s ,  and s e v e r a l  o t h e r  v a r i a b l e s
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
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wer e  c o n f o u n d e d .
A r e c e n t  s t u d y  by V/y Ikrnbr i ch  ( N o t e  b )  r e p e a t e d  t h e  Fox 
m a n i p u l a t i o n s  u s i n g  a d e s i g n  in  whi ch  N - l e n g t h  was s h i f t e d ,  
w h i l e  b o t h  p e r c e n t a g e  and number  o f  t r i a l s  were  h o l d  
c o n s t a n t .  Ho e v i d e n c e  f o r  e i t h e r  an NCE o r  a PCE was f o u n d .  
F u r t h e r  r e s e a r c h  i s  n e ede d  t o  c l a r i f y  t h i s  a r e a .
S h i f t s  i n  Q u a l i t y  o f  Re wa r d .
I t  i s  c l e a r  t h a t  c h a n g e s  i n  r ewa r d  may be  e i t h e r  
q u a n t i t a t i v e  o r  q u a l i t a t i v e .  The f o r m e r  i s  g e n e r a l l y  
i n v e s t i g a t e d ,  b u t  t h e  l a t t e r  h a s  r e c e i v e d  c o n s i d e r a b l y  l e s s  
a t t e n t i o n  i n  t h e  c o n t r a s t  l i t e r a t u r e .  For  a r e v i e w  o f  t h e  
i n t e r a c t i v e  e f f e c t s  o f  q u a l i t y  and q u a n t i t y  o f  r e w a r d ,  s e c  
T a y l o r  ( 1 9 7 7 ) .  The f i r s t  s t u d y  whi ch  i n v e s t i g a t e d  s h i f t s  i n  
q u a l i t y  o f  r e wa r d  was p u b l i s h e d  by E l l i o t t  ( 1 9 2 8 ) .  The 
d e p e n d e n t  v a r i a b l e s  were  number  o f  e r r o r s  and t i m e  o f  
t r a v e r s a l  i n  a compl ex  maze .  In p r e v i o u s  r e s e a r c h  i t  was 
f ound  t h a t  r a t s  p r e f e r  wet  b r a n  mash o v e r  s u n f l o w e r  s e e d s .  
In a s h i f t  f rom mash t o  s e e d s ,  a d e c r e m e n t  i n  p e r f o r m a n c e  
was n o t e d  i n  b o t h  m e a s u r e s  r e l a t i v e '  t o  n c o n t r o l  g r oup  whi ch  
r e c e i v e d  s e e d s  t h r o u g h o u t .  S i n c e  b o t h  q u a l i t y  and q u a n t i t y  
wer e  c o n f o u n d e d ,  l i t t l e  can be c o n c l u d e d  f rom t h i s  
i n v e s t i g a t i o n .  The s t u d y  r e m a i n s  t o  be o f  h i s t o r i c a l  
i n t e r e s t  however  s i n c e  i t  p r e d a t e s  what  i s  g e n e r a l l y  
b e l i e v e d  t o  be  t h e  f i r s t  i n c e n t i v e  s h i f t ,  s t u d y  ( C r e s p i ,  
1942)  by w e l l  o v e r  a d e c a d e .
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
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S i n c e  t h e n ,  t h e  p r e d o m i n a t e  s u b s t a n c e s  u s e d  i n  
q u a l i t y - s h i f t  s t u d i e s  h a v e  b e en  s u c r o s e  and s a c c h a r i n  
s o l u t i o n s .  The o b v i o u s  a d v a n t a g e  i s  t h a t  c o n c e n t r a t i o n s  can  
be c h a n g e d  w h i l e  h o l d i n g  q u a n t i t y  c o n s t a n t .
In one  o f  t h e  f i r s t  s u c r o s e  q u a l 1 t y - s h i f t  s t u d i e s ,  
C o l l i e r  and Marx ( 1959)  empl oyed  a b a r  p r e s s  t a s k .  S u b j e c t s  
wer e  f i r s t  m a g a z i n e  t r a i n e d  w i t h  a s u c r o s e  c o n c e n t r a t i o n  o f  
c i t h e r  4%, 11.3%,  o r  32%. Then t h e  t h r e e  g r o u p s  we r e
t r a i n e d  t o  l e v e r - p r e s s  on a V I - 1 min s c h e d u l e  f o r  an 11.3% 
s o l u t i o n .  P o s i t i v e  and n e g a t i v e  c o n t r a s t  e f f e c t s  wore  
o b s e r v e d  i n  t h e  g r o u p s  m a g a z i n e  t r a i n e d  to 4% and 32%, 
r e s p e c t i v e l y .
However ,  Dunham and K i l p s  ( 1 969)  p o i n t  o u t  t h a t  t h e  
C o l l i e r  and Marx ( 1 959)  d a t a  wer e  t h e  r e s u l t  o f  c o n f o u n d e d  
w e i g h t  d i f f e r e n c e s  i n  p r e s h i f t  t r a i n i n g .  The o r i g i n a l  
e x p e r i m e n t  was r e p e a t e d  w i t h  d e p r i v a t i o n  l e v e l s  c l o s e l y  
m o n i t o r e d  and h e l d  c o n s t a n t  a t  00% o f  f r e e - f e e d i n g  w e i g h t .  
No c o n t r a s t  e f f e c t s  were  f o u n d .
In  a n o t h e r  s t u d y ,  Marx ( 1 9 6 9 )  empl oyed  a d i f f e r e n t  t y p e  
o f  q u a l i t y  s h i f t .  S u b j e c t s  u n d e r  low ( 2 - 3  h r )  (h">pr ivat ion 
c o n d i t i o n s  wer e  s h i f t e d  f rom food p e l l e t s  t o 3 2 % s u c r o s e  
p e l l e t s  ( t h e  p r e f e r r e d  f ood)  In a d i s c r e t e - t r i a l  
b a r - p r e s s i n g  t a s k .  A sig,n i f  l e a n t  PCK was o b t a i n e d  i n  t h e  
s h i f t e d  g r o u p .  An o t h e r  g r o u p  i n  t h e  same s t u d y  was s h i f t e d  
f rom an 87> t o  a 32% p e l l e t  c o n c e n t r a t i o n  and showed no
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
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ovifl tMicc o f  roti  Lf .1.'; I. rd r - p o n d  i n;». Hi one d.d.n wt ' fc
i n t e r p r e t e d  as  o d e m o n s t r a t i o n  t h a t  p o s i t i v e  c o n t r a s t  i s  
o b t a i n a b l e ,  b u t  o n l y  i f  t h e  i n c e n t i v e  c ha nge  i s  s u f f i c i e n t l y  
l a r g e .
A good number  o f  s t u d i e s  hav i n v e s t i g a t e d  d o w n s h i f t s  i n  
s u c r o s e  c o n c e n t r a t i o n  i n  t h e  r unwa y .  The o v e r wh e l mi n g  
c o n c l u s i o n  i s  t h a t  t h e  NCE d o e s  n o t  a p p e a r .  R a t h e r ,  t h e  
d o w n s h i f t e d  a n i m a l s  show a g r a d u a l  d e c r e a s e  i n  s p e e d  and 
e v e n t u a l l y  r e a c h  t h e  a s y m p t o t e  o f  t h e  u n s h i f t c d  c o n t r o l s ,  
b u t  do n o t  s u b c o d e  i t  ( C o l l i e r ,  K n a r r ,  and Marx,  19C1;
G o o d r i c h  and Z a r e t s k y ,  1962;  Hornzie and Ros s ,  1962;  Rosen
and I s o n ,  1965;  S p e a r ,  1965;  Ros e n ,  1966;  F l a h e r t y ,  
R i l e y ,  and S p e a r ,  1973) .
In a d d i t i o n  t o  r u n n i n g  and b a r - p r e s s i n g ,  o t h e r
p e r f o r m a n c e  m e a s u r e s  have  b ee n  empl oyed t o  s t u d y  s u c c e s s i v e  
c o n t r a s t  e f f e c t s  due t o  q u a l i t y  s h i f t s .  One s u c h  p r o c e d u r e  
i s  t h e  me a s u r e me n t  o f  l i c k  r a t e .  S u b j e c t s  a r e  s i m p l y  
a l l o w e d  t o  l i c k  a Lube f rom whi ch  a l i q u i d  r< i n  f o r c e r  i s  
a v a i l a b l e  and t h e  number  o f  l i c k s  i s  t a k e n  a s  t h e  d e g r e e  o f  
p e r f o r ma n c e - . Some w r i t e r s  ( e . g . .  C o l l i e r  £ t  a_l> 1961)  have  
s u g g e s t e d  t h a t  l i c k  r a t e  i s  a more s ::n s i t i v e  m e a s u r e  t h a n  
r u n n i n g  s p e e d .
Us i ng  l i c k  r a t e  a s  t h e  d e p e n d e n t  m e a s u r e ,  P a n k s e p p  and 
T r o w i l l  ( 1971)  s h i f t e d  s u c r o s e  c o n c e n t r a t i o n s  f rom 12?. t o  
35% and v i c e  v e r s a .  Doth p o s i t i v e  and n e g a t i v e  c o n t r a s t
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
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e f f e c t s  r e s u l t e d  u n d e r  c o n d i t i o n s  o f  b o t h  ?1 h r  and 1 h r  
food d e p r i v a t i o n .  i n  t h i s  s i t u a t i o n ,  c o n t r a s t  e f f e c t s  a r e  
o f t e n  s h o r t - l i v e d .  In t h e  P a n k s e p p  and T r o w i l l  s t u d y ,  t h e  
e f f e c t s  d i s a p p e a r e d  a f t e r  about .  1 ni in.  S i m i l a r  r e s u l t s  wer e  
r e p o r t e d  by F l a h e r t y  and Larget i  ( 1 9 7 5 ) .  An MCE and a PCE in 
b o t h  l i c k  r a t e  and l a t e n c y  t o  l i c k  a p p e a r e d  f o l l o w i n g  a 
s h i f t  f rom 32% t o  4% s u c r o s e  c o n c e n t r a t i o n .
Vo g e l ,  M i k u l k a ,  and S p e a r  ( 1 9 6 8 )  a l s o  r e p o r t e d  an NCE 
i n  l i c k  r a t e  r e s u l t i n g  f rom a s h i f t  f rom 325 t o  4 5 s u c r o s e  
c o n c e n t r a t i o n s ,  b u t  n o t  i n  a s h i f t  i n  t h e  same 
c o n c e n t r a t i o n s  o f  s a c c h a r i n .
An o t h e r  l i n e  o f  r e s e a r c h  was u n d e r t a k e n  by T r o w i l l  and 
h i s  a s s o c i a t e s  i n v o l v i n g  s h i f t s  f rom s o d i u m - s a c c h a r i n  t o  t a p  
w a t e r  and back  t o  s o d i u m - s a c e h a r j n . The d c pend e n t  me a s u r e  
was s i m p l y  amount  consumed w i t h i n  a c e r t a i n  p e r i o d  o f  t i m e .  
In s e v e r a l  s t u d i e s  (Gandel man and T r o w i l l ,  1969;  As h t o n ,  
Gandel rnan,  and T r o w i l l ,  1970a;  Dube,  As h t o n ,  and T r o w i l l ,  
1970)  i t  was found  t h a t  t h e  amount  o f  s a c c h a r i n  consumed 
f o l l o w i n g  the- i n t e r p o l a t e d  one  day s h i f t  t o  Lap w a t e r  was 
s i g n i f i c a n t l y  h i g h e r  t h a n  on t h e  p r e v i o u s  s a c c h a r i n  d a y s ,  
t h e r e b y  d e m o n s t r a t i n g  a s u c c e s s i v e  PCE. The s e  r e s u l t s  were  
n o t  o b t a i n e d  u s i n g  a s u c r o s e  s o l u t i o n  in pi  ace  o f  t h e  
s o d i u m - s a c c h a r i n  however  ( A s h t o n ,  Gande l man ,  and T r o w i l l ,  
1 9 7 0 b ) .
In summary,  e v i d e n c e  f o r  b o t h  PCE' s  and NCE' s  u s i n g
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
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consui nmnt ory riicDSuros scmms l o  be sl . ronr;  end r c p l i c y b l c .  On 
t h e  o t h e r  l i a n d , c o n t r a s t  e f f e c t s  b a s e d  on i n s t r u m e n t a l  
r e s p o n s e s  a p p e a r  Lo be n o n - r x i s t a n t  i n  t h e  runway and 
e q u i v o c a l  i n  b a r - p r e s s i n g  p a r a d i g m s .  F l a h e r t y  and C a p r i o  
( 1 9 7 6 ) p o i n t e d  o u t  t h a t  t h i s  d i s c r e p a n c y  i s  i n c o n s i s t e n t  
w i t h  s e v e r a l  t h e o r i e s  o f  b e h a v i o r  whi ch  e m p h a s i z e  t h e  
r e l a t i o n s h i p  b e t we e n  c o ns ummat o r y  and i n s t r u m e n t a l  
r e s p o n d i n g  ( S p e n c e ,  1965;  S h e f f i e l d ,  1 9 6 6 ) .  C o n s e q u e n t l y ,  
t h e s e  a u t h o r s  d e s i g n e d  s e v e r a l  c ' xpr i t nent s  t o  compar e  t h e  two 
r e s p o n s e  s y s t e m s  w i t h i n  a s i n g l e  s t u d y .  An e x p e r i m e n t  was 
a r r a n g e d  s u c h  t h a t  i n s t r u m e n t a l  r e s p o n d i n g  i n  a runway c o u l d  
be me a s u r e d  i n  a d d i t i o n  t o  c o ns umma t o r y  l i c k i n g  i n  t h e  g o a l  
box .  R e s u l t s  wer e  c o n s i s t e n t ,  w i t h  p r e v i o u s  l i t e r a t u r e :  an
NCE was  o b t a i n e d  i n  t h e  l a t t e r  m e a s u r e ,  b u t  none  i n  t h e  
f o r m e r .  In a d d i t i o n ,  no c o r r e l a t i o n  was f ound  b e t we e n  
r u n n i n g  s p e e d  and l i c k  r a t e .  A s e c o n d  e x p e r i m e n t  us e d  
l o n g e r  p r o -  and p o s t s h i f t  p e r i o d s  and a l s o  i n c l u d e d  an 
u p s h i f t e d  g r o u p .  Ag a i n ,  an NCE was  f ound  i n  l i c k  r a t e ,  b u t  
n o t  i n  r u n n i n g  s p e e d .  A r e l i a b l e  PCE was n o t  found  i n  
e i t h e r  m e a s u r e .  In a g r e e m e n t  w i t h  t h e  f i r s t  e x p e r i m e n t ,  no 
s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n s  wer e  f ound  b e t we e n  
r u n n i n g  s p e e d  and l i c k  r a t e .  F l a h e r t y  and C a p r i o  r e a c h e d  
t h e  c o n c l u s i o n  t h a t  i n . s t r u m e n t r l  r e s p o n d i n g  and cons umma t o r y  
r e s p o n d i n g  a r c  n o t  n e c e s s a r i l y  r e l a t e d ,  c o n s i s t e n t  w i t h  t h e  
a p p r o a c h  t a k e n  by B i n d r a  ( 1 9 7 4 ) .  I t  would a p p e a r  t h a t
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
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i n s t r u m e n t s ]  b r h o v i o r  i s  r e )  s i c  ,1 l o  , - i ssoci . i l . i ons  b e t w e e n  tP>e 
s i g n a l i n g  s t i m u l i  and t h e  s t i m u l u s  p r o p e r t i e s  o f  t h e  r e w a r d ,  
r a t h e r  t h a n  s t i m u l i  and c o n s umma t o r y  r e s p o n s e s .
S h i f t s  i n  D e p r i v a t i o n  I .eve 1 .
The i n t e r a c t i v e  e f f e c t s  o f  d r i v e  and i n c e n t i v e  ha ve  
l o n g  bee n  a s o u r c e  o f  c o n t r o v e r s y  i n  p s y c h o l o g y  ( e . g . ,  H u l l ,  
1943;  S p e n c e ,  1 9 5 6 ) .  A common i n c e n t i v e - m o t i v a t i o n a l  
me c han i s m h a s  been  p r o p o s e d  ( Rc v u s k y ,  1968)  i n  whi ch  
i n c e n t i v e  i s  v i ewed as  an i n c r e a s i n g  f u n c t i o n  o f  
d e p r i v a t i o n .  I f  t h i s  i s  t h e  c a s e ,  c o n t r a s t  e f f e c t s  s h o u l d  
be e v i d e n t  f o l l o w i n g  s h i f t s  i n  d r i v e .  D r i v e ,  o f  c o u r s e ,  
mu s t  be  o p e r a t i o n a l l y  d e f i n e d  and a t  l e a s t  t h r e e  me t h o d s  a r c  
i n  u s e .  The f i r s t  i s  a t i m e - b a s e d  me a s u r e  b a s e d  on t h e  
e l a p s e d  t i m e  s i n c e  t h e  s u b j e c t s  wer e  l a s t  e x p o s e d  t o  f o o d .  
The s e c o n d  i s  b a s e d  on p e r c e n t a g e  o f  f r c o - f c e d i n g  w e i g h t .  
The t h i r d  i n v o l v e s  f e e d i n g  a s t a n d a r d  amount  o f  f ood  t o  e a c h  
s u b j e c t  d a i l y ,  r e g a r d l e s s  o f  i t s  no r ma l  w e i g h t .  A l l  t h r e e  
m e t h o d s  h a v e  t h e i r  a d v a n t a g e s  and d i s a d v a n t a g e s ,  and a l l  
h a v e  b e e n  us ed  i n  s u c c e s s i v e  c o n t r a s t  d r i v e - s h i f t  s t u d i e s .
Z a r e t s k y  ( 19 6 6 )  p u b l i s h e d  a s t u d y  i n v e s t i g a t i n g  t h e  
e f f e c t s  o f  s h i f t s  i n  v a r i o u s  c o m b i n a t i o n s  o f  d r i v e  and 
i n c e n t i v e .  Two c o n d i t i o n s  a r e  r e l e v a n t  t o  t h e  p r e s e n t  
d i s c u s s i o n ,  t h o s e  i n  whi ch  t h e  r ewa r d  m a g n i t u d e  was h e l d  
c o n s t a n t ,  b u t  d r i v e  was s h i f t e d .  High d r i v e  was d e f i n e d  as  
22 h r s  d e p r i v e d ;  low d r i v e  was 1 . 5  h r s  d e p r i v e d .  Under
R e p r o d u c e d  with p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i ted  w i th o u t  p e rm is s io n .
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c o n d i t i o n s  o f  low r cwnrd tn;i.7,n i tucio (1 p c l l ( ' t )  o PCK wos 
o b s e r v e d  when d r i v e  wns s h i f t e d  f rom low t o  An NCIt
was found u n d e r  c o n d i t i o n s  o f  h i g h  r e wa r d  m a g n i t u d e  (6 
p e l l e t s )  i n  a d e p r i v a t i o n s  l e v e l  s h i f t  f rom h i g h  t o  low.
C a p a l d i  ( 1 9 7 1 )  d e f i n e d  h i g h  d r i v e  as  11 gm o f  f ood and 
low d r i v e  a s  20 gm p e r  d a y .  Us i ng  a 10 p e l l e t  r e wa r d
m a g n i t u d e ,  no NCE was f ound  i n  a s h i f t  f r om h i g h  t o  low 
d r i v e .
In a l a t e r  s t u d y ,  C a p a l d i  ( 1973)  us e d  a d i f f e r e n t  
me t hod  o f  i n d u c i n g  d i f f e r e n t i a l  d r i v e .  High d r i v e  was 
d e f i n e d  a s  75/) o f  a ^  l i b  body w e i g h t ;  low d r i v e  was 9 0 % 
f r e e - f e e d i n g  w e i g h t .  An NCE was found i n  a s h i f t  f rom h i g h  
t o  low d r i v e  o n l y  when a l a r g e  m a g n i t u d e  o f  r e wa r d  was u s e d .  
T h a t  i s ,  t h e  e f f e c t  was p r e s e n t  wlicn 22 p e l l e t s  wer e  u s e d ,  
b u t  a b s e n t  when r e wa r d  m a g n i t u d e  c o n s i s t e d  o f  o n l y  1 p e l l e t .  
Tt  may be n o t e d  t h a t  t h e  me t hod  o f  d r i v e  i n d u c t i o n  us e d  h e r e  
n e c e s s a r i l y  demanded a l o n g  i n t e r v a l  (18 d a y s )  be t we e n  p r e -  
and p o s t s h i f t .
H o l l c n a u c r  ( 1 9 7 1 )  d e f i n e d  h i g h  d r i v e  as  2 2 - 2 2 . 5  h r s  
d e p r i v a t i o n .  A 30 - 60  min d e p r i v a t i o n  p e r i o d  d e f i n e d  t h e  low 
d r i v e  c o n d i t i o n .  S h i f t s  i n  d r i v e  a f t e r  23 t r i a l s  p r o d u c e d  r. 
g r a d u a l  a p p r o a c h  t o  t h e  a p p r o p r  l a t e  [ )or for rnanee I r v f  l .  
However ,  s h i f t s  a f t e r  c i t h e r  75 o r  105 t r i a l s  p r o d u c e d  
s i g n i f i c a n t  c o n t r a s t  e f f e c t s  i n  b o t h  d i r e c t i o n s .
The r e s u l t s  o f  t h e  s u c c e s s i v e  d e p r i v a t i o n  s h i f t  s t u d i e s
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
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hove  b e e n  r e l a t i v e l y  c o n s i s t e n t  i n  F i n d i n g  b o t h  p o s i t i v e  and 
n e g a t i v e  c o n t r a s t  e f f e c t s  r e s u l t i n g  f rom t h e s e  s h i f t s .  The 
d i f f e r e n c e  b e t we e n  s u c c e s s i v e  and s i m u l t a n e o u s  c o n t r a s t  c an  
be e x e m p l i f i e d  by c i t i n g  t h e  r e s u l t s  o f  t i s e n b e r g c r ,  Myer s ,  
and K a p l a n ,  ( 1 9 7 3 ) .  High and low d r i v e  c o n d i t i o n s  c o n s i s t e d  
o f  24 h o u r s  d e p r i v a t i o n  o r  24 h o u r s  f r e e  f e e d i n g ,  
r e s p e c t i v e l y .  Us i ng  a s i n g l e  t r i a l  p e r  day  i n  two 
d i s c r i m i n a b l y  d i f f e r e n t  r u n wa y s ,  s u p e r i o r  p e r f o r m a n c e  was 
shown u n d e r  low d e p r i v a t i o n  c o n d i t i o n s  i n  t h e  d i s c r i m i n a t i o n  
g r o u p  r e l a t i v e  t o  t h e  c o n t r o l  g r o u p  whi ch  was r un  u n d e r  
c o n s t a n t  low d e p r i v a t i o n .  T h i s  i s  e x a c t l y  o p p o s i t e  o f  t h e  
p r e d i c t e d  e f f e c t s  b a s e d  on t h e  s u c c e s s i v e  c o n t r a s t  
l i t e r a t u r e .  T h i s  s u g g e s t s  t h a t  c a u t i o n  mus t  be  us e d  when 
g e n e r a l i z i n g  b e t we e n  t h e  two t y p e s  o f  p r o c e d u r e s .
I n t e r c r a n i a l  S t i m u l a t i o n  E f f e c t s .
I n t e r c r a n i a l  s t i m u l a t i o n  ( ICS)  o f  t h e  b r a i n  o c c u p i e s  a 
u n i q u e  p o s i t i o n  among e x p e r i m e n t a l  m a n i p u l a t i o n s  i n  t h a t  i t  
i s  an i n c e n t i v e  whi ch  c a n  be s t u d i e d  i n d e p e n d e n t  o f  d r i v e  o r  
d e p r i v a t i o n  c o n d i t i o n s  ( T r o w i l l ,  P a n k s e p p ,  and Gande l man ,  
19 6 9 ) .  A few s u c c e s s i v e  c o n t r a s t  s t u d i e s  u s i n g  s h i f t s  i n  
t h e  c u r r e n t  o f  ICS have  b ee n  r e p o r t e d .
The f i r s t  c l e a r - c u t  d(mon."; t rat  i on  was r ( . ' por t ed  by 
P a n k s e p p  and T r o w i l l  ( 1 9 6 9 )  u s i n g  a b a r  p r e s s  s i t u a t i o n .  
Ra t s  wer e  t r a i n e d  t o  r e s p o n d  on a CRP s c h e d u l e  f o r  . 5 s e c  
l a t e r a l  h y p o t h a l a m i c  s t i m u l a t i o n  w i t h  c i t h e r  a h i g h  o r  low
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
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c u r r e n t .  When r e s p o n d i n g  r . t o b i l  i /o(J  t h e  g r o u p s  wer e  s h i f t e d  
t o  t h e  o p p o s i t e  i n c n t i v e  c o n d i t i o n ,  Al t i iouf .h no c o n t r o l  
g r o u p s  we r e  i n c l u d e d  i n  t h e  d e s i g n ,  t h e  c h n n g e s  i n  
p e r f o r m a n c e  b e t we e n  p r o -  ^md p o s t s h i f t  wer e  d r a m a t i c .  Dot h 
p o s i t i v e  ( l ow t o  h i g h  s t i m u l a t i o n )  and n e g a t i v e  ( l i i gh  t o  low 
s t i m u l a t i o n )  c o n t r a s t  e f f e c t s  a p p e a r e d  and l a s t e d  f o r  
a p p r o x i m a t e l y  ID mi n.
In a l a t e r  s t u d y  ( P a n k s e p p  and T r o w i l l ,  1970)  t h e  same 
a u t h o r s  a t t e m p t e d  t o  r e p l i c a t e  t h e  e f f e c t  u s i n g  t h r e e  
d i f f e r e n t  p r o c e d u r e s .  A PCP was shown u s i n g  a d e s c e n d i n g  
met hod o f  l i m i t s  f o r  d e t e r m i n i n g  ICS t h r e s h o l d .  T h a t  i s ,  
c u r r e n t  was i n i t i a l l y  s e t  a t  a s u p r a t h r e s h o l d  l i m i t  and 
s y s t e m a t i c a l l y  d e c r e a s e d  u n t i l  r e s p o n d i n g  c e a s e d .  A f t e r  a 
t i m e - o u t  p e r i o d ,  t h e  s u b j e c t s  wer e  a l l o w e d  t o  r e s u me  b a r  
p r e s s i n g ,  a g a i n  b e g i n n i n g  a t  t h e  o r i g i n a l  s u p r a t h r c s h o I d  
v a l u e .  Re s p o n s e  r a t e s  wer e  s i g n i f i c a n t l y  h i g h e r  f o l l o w i n g  a 
t i m e  o u t  t h a n  f o r  a c o n t r o l  g r o u p  w i t h  no t i m e - o u t .
A s e c o n d  e x p e r i m e n t  i n v o l v e d  g i v i n g  an a s c e n d i n g  s e r i e s  
o f  IC3 c u r r e n t s  w i t h i n  a c o n t i n u o u s  t e s t  s e q u e n c e .  A l t h o u g h  
r e s p o n s e  r a t e s  i n c r e a s e d  w i t h  c u r r e n t  i n t e n s i t y ,  t h e  
a u t h o r s ' c o n c l u s i o n  o f  a PCE i s  u n w a r r a n t e d  s i n c e  c o n t r o l  
g r o u p s  wer e  n o t  e mp l o y e d .
The t h i r d  e x p e r i m e n t  was c o n c e r n e d  w i t h  t i m e  t o  
c o m p l e t e  an FR r e q u i r e m e n t  u n d e r  v a r i o u s  l e v e l s  o f  ICS.  
Us i ng  p r c s h i f t  r a t e s  f o r  b a s e l i n e s ,  a PCE was f ound i n  t h a t
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t i me  t o  c o m p l e t e  t h e  FH r e q u i r e m e n t  s ip.ni  f i e n n  t l  y d e c r e a s e d  
f rom b a s e l i n e  when c u r r e n t  was i n c r e a s e d .
Us i ng  a d i f f e r e n t  a p p a r a t u s  and s t i m u l a t i o n  s i t e  
( m e d i a l  h y p o t h a l a m u s  and v e n t r a l  t h a l a m u s ) , A t r e n s , Von 
V i c t i n g h o f f - R i e s c h  and D e r - K a r a b c t i a n  ( 197 ' j )  r e p o r t e d  b o t h  a 
PCE and an NCE i n  a s h u t t l o b o x  t a s k .  One r e s p o n s e  was 
r e q u i r e d  t o  i n i t i a t e  ICS and a n o t h e r  t o  e s c a p e  i t .  T h u s , 
b o t h  r e w a r d i n g  and a v e r s i v e  s t i m u l a t i o n  were  s t u d i e d  i n  t h e  
same s i t u a t i o n .  T h r e e  i n t e n s i t i e s  o f  ICS wer e  p r e s e n t e d  i n  
a r a n d o mi z e d  s e q u e n c e .  P o s i t i v e  c o n t r a s t  was found s i n c e  
h i g h  i n t e n s i t y  ICS p r e c e d e d  by c i t h e r  ineciiuin o r  low
i n t e n s i t y  p r o d u c e d  more v i g o r o u s  r e s p o n d i n g  wficn compar ed  t o  
h i g h  i n t e n s i t y  f o l l o w e d  by h i g h  i n t e n s i t y .  When low
i n t e n s i t y  ICS was p r e c e d e d  by c i t h e r  medium o r  h i g h ,  t h e  
a n i m a l s  r e s p o n d e d  much l e s s  v i g o r o u s l y  t o  o b t a i n  i t .  Th e s e  
r e s u l t s  wer e  t a k e n  t o  i n d i c a t e  b o t h  p o s i t i v e  and n e g a t i v e  
c o n t r a s t  e f f e c t s  i n  t h e  r e w a r d i n g  s i t u a t i o n .  In t h e  
a v e r s i v e  c a s e ,  when higf i  i n t e n s i t y  ICS was p r e c e d e d  by 
e i t h e r  medium or  low i n t e n s i t y ,  t h e  a n i m a l s  e s c a p e d  more 
s l o w l y  compar ed  t o  t h e  n o n c o n t r a s t c d  c a s e  (MCE).  No 
c o r r e s p o n d i n g  PCE was found h oweve r ,  s i n c e  l a t e n c y  t o  e s c a p e  
low i n t e n s i t y  ICS was n o t  a f f e c t e d  by t h e  p r e c e d i n g
c o n d i t i o n s .
Mi s e e l l a n e o u s .
T h e r e  a r e  s e v e r a l  o t h e r  s t u d i e s  d e s e r v i n g  o f  m e n t i o n
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wh i c h  do n o t  l ' il,  c o r i v i c n l l y  u n d e r  nny o l ‘ t h e  p r e v i o u s  
c a t e g o r i e s ,  b u t  n e v e r t h e l e s s  a r c  ol'  some r c l e v c n c e  t o  t h i s  
d i s c u s s i o n .  One o r e o  ol  r e s e a r c h  i n v o l v e s  g i v i n g  e q u a l  
i n c e n t i v e s  ( by w e i g h t  o r  vo l ume)  b u t  i n  a d i f f e r e n t  f o r m,  o r  
number  o f  " g o a l  u n i t s . "  S e v e r a l  i n v e s t i g a t o r s  h a v e  n o t e d  
t h e  f a c t  t h a t  e q u i v a l e n t  a moun t s  o f  food  r e w o r d  s u p p o r t  
d i f f e r e n t  l e v e l s  o f  r e s p o n d i n g .  T h a t  i s ,  r a t s  ( L o g a n ,  I 9 6 0 ,  
p .  35;  McCai n,  1969)  and c h i c k e n s  ( Wol f e  and K a p l o n ,  19^1)  
r un  d i f f e r e n t i a l l y  t o  o b t a i n  f ood d e p e n d i n g  on  t i i c  m a n n e r  i n  
whicl i  t h e  r e wa r d  i s  d i v i d e d .  For  e x a mp l e ,  i n  t h e  McCain 
( 1 9 6 9 )  s t u d y ,  o ne  g r o u p  o f  s u b j e c t s  (MS) w e r e  r e w a r d e d  w i t h  
22 il5 mg p e l l e t s  ( 990 mg t o t a l )  and t l ien s h i f t c i  t o  a s i n g l e  
1000 mg p e l l e t .  A s e c o n d  g r o u p  (SM) was e x p o s e d  t o  t h e  
r e v e r s e  c o n d i t i o n s .  Du r i n g  p r e s h i f t ,  G r o u p  MS r a n  
s i g n i f i c a n t l y  f a s t e r  t h a n  Group GM, b u t  t h e  o p p o s i t e  was 
t r u e  d u r i n g  p o s t s h i f t .  A l t h o u g h  t h e  p r o p e r  c o n t r o l  g r o u p s  
wer e  n o t  i n c l u d e d  t o  a s s e s s  any c o n t r a s t  e f f e c t s ,  t h e  
r e s u l t s  s t r o n g l y  s u g g e s t  t ha t ,  f a c t o r s  o t h e r  t h a n  t r a d i t i o n a l  
i n c e n t i v e  v a r i a b l e s  a r c  o p e r a t i v e  i n  c o n t r a s t  p h e n o m e n a .  I t  
may be  p a r e n t h e t i c a l l y  n o t e d  t h a t  t h e  a n a l o g o u s  e f f e c t s  
u s i n g  d i f f e r e n t  u n i t s  o f  l i q u i d  s u c r o s e  was  n o t  o b t a i n e d  
( F l c i hc ; r t y ,  R i l e y ,  and S p e a r ,  19Y3) .
I n  a r e l a t e d  s t u d y ,  Dal y  ( 1972)  o r i g i n a l  l y  t r a i n e d  
t h r e e  g r o u p s  o f  r a t s  t o  r un  f o r  one  500 mg p e l l e t  ( Gr o u p  
1L) ,  25 20 mg p e l l e t s  (Group 2 5 S ) ,  o r  one 2 0  mg p e l l e t
R e p r o d u c e d  with p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i ted  w i th o u t  p e rm is s io n .
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( Group I S ) .  Then Gr oups  1L r:n(i 25S we r e  s h i f t e d  t o  t h e  IS 
c o n d i t i o n .  N e g a t i v e  c o n t r a s t  was shown i n  b o t h  g r o u p s ,  b u t  
Gr oup 25S showed a much l a r g e r  NCE, a g a i n  i m p ] i c a t i n g  t h e  
i m p o r t a n c e  o f  g o a l  u n i t s  on c o n t r a s t  e f f e c t s .
These  s t u d i e s  a l l  p o i n t  t o  t h e  p o s s i b i l i t y  t h a t  an 
i m p o r t a n t  v a r i a b l e  d e t e r m i n i n g  c o n t r a s t  e f f e c t s  i s  t h e  
a n i m a l ' s  p e r c e p t i o n  o f  t h e  i n c e n t i v e  r a t h e r  t h a n  t h e  
i n c e n t i v e  p e r  s o . C l e a r l y ,  more r e s e a r c h  i s  n e e d e d  i n  t h i s  
p o t e n t i a l l y  f r u i t f u l  a r e a  o f  r e s e a r c h .
Summary and C o n c l u s i o n s .
Due t o  t h e  wi de  v a r i e t y  o f  e m p i r i c a l  m a n i p u l a t i o n
d i s c u s s e d  i n  t h e  p r e v i o u s  s e c t i o n s ,  few g e n e r a l i z e d  
c o n c l u s i o n s  c a n  be  d r awn .  I t  i s  c l e a r  t h a t  i n c e n t i v e  i s  a 
m u l t i - d i m e n s i o n a l  c o n c e p t  and mus t  be  v i ewed i n  a r e l a t i v e ,  
a s  opp o s e d  t o  an a b s o l u t e  man n e r .  The p a r a d i g m s  used t o  
i n v e s t i g a t e  c o n t r a s t  e f f e c t s  a r e  an e x c e l l e n t  t o o l  f o r
d e l i n e a t i n g  some o f  t h e  c r u c i a l  a s p e c t s  f u n d a m e n t a l  t o  t h e  
c o n c e p t  o f  i n c e n t i v e .
In mos t  r e v  i ews  o f  t h i s  s o r t ,  t h e  p r i m a r y  c o n c l u s i o n  i s  
t h e  g e n e r a l  need f o r  more r e s e a r c i i .  T h i s  p a p e r  i s  no 
e x c e p t i o n .  I\ c a s e  i n  p o i n t  i s  tdv'  s e c t i o n  d e a l i n g  w i t h
s h i f t s  i n d e l a y  o f  r e w a r d . As n o t e d ,  I, he l i t e r a t u r e  i s
r e p l e t e  w i t h  p o s i t i v e  r e s u l t s ,  n e g a t i v e  r e s u l t s ,  and 
f a i l u r e s  t o  r e p l i c a t e  b o t h .  T h e r e  i s  an o b v i o u s  need f o r  
p a r a m e t r i c  i n v e s t i g a t i o n s  i n  whi ch s u c h  p a r a m e t e r s  as  r e wa r d
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
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m a g n i t u d e ,  d e l a y  i n t e r v a l s ,  and number  o f  t r i a l s  a r c  
m a n i p u l a t d .
The l i t e r a t u r e  c o n c e r n e d  w i t h  a v e r s i v e  c o n d i t i o n i n g  i s  
e ve n  more  ambi guous  and i n c o m p l e t e .  In vi ew o f  t h e  l a r g e  
amount  o f  r e s e a r c h  done  w i t h  a v o i d a n c e  c o n d i t i o n i n g ,  i t  i s  
s u r p r i s i n g  t h a t  s u c h  few a t t e m p t s  a t  s h i f t i n g  s h oc k  l e v e l s  
h a v e  b e e n  made.
An a r e a  whi ch  u n d o u b t e d l y  w i l l  r e c e i v e  more  a t t e n t i o n  
i n  t h e  f u t u r e  i s  s c h e d u l e  e f f e c t s ,  p a r t i c u l a r l y  t h o s e  
c o n c e r n e d  w i t h  t h e  s e q u e n t i a l  a s p e c t s  o f  s c h e d u l e s .  Tt  
would n o t  be  s u r p r i s i n g  t o  l e a r n  t h a t  s e q u e n t i a l  a s p e c t s  o f  
r e wa r d  s c h e d u l e s  a f f e c t  c o n t r a s t  e f f e c t s  e q u a l l y  a s  much as  
t h e y  do e x t i n c t i o n  phenomena ( R o b b i n s ,  1 9 70) .  R e l a t e d  t o  
t h i s  i s  s h i f t s  i n  p e r c e n t a g e  o f  r ev / a r d .  The i n t e r a c t i o n
b e t we e n  p e r c e n t a g e  s h i f t s  and s e q u e n t i a l  e f f e c t s  i s  a p r i me  
s o u r c e  o f  m e a n i n g f u l  r e s e a r c h  a s  we l l  a s  t h e o r e t i c a l
d e v e l o p m e n t .
A n o t h e r  a r e a  t h a t  d e s e r v e s  more  a t t e n t i o n  i s  r e s p o n s e  
s y s t e m s  i n  g e n e r a l .  T h i s  s h o u l d  be c l f . a r  f rom t h e  s e c t i o n  
on q u a l i t y  o f  r e wa r d  s h i f t s  i n  wliicii c o n t r a s t  e f f e c t s  a r e  
r e a d i l y  o b s e r v a b l e  w i t h  c o n s u mma t o r y ,  b u t  a b s e n t  w i t h  
i n s t r  util en t  a l  r e s  po n s e s .
F i n a l l y ,  much more work i s  ne ede d  t o  d e t e r m i n e  t h e
d i f f e r e n c e s  b e t we e n  s i m u l t a n e o u s  and s u c c e s s i v e  c o n t r a s t  
e f f e c t s .  A l t h o u g h  t h e  f o r m e r  ha ve  been  d e - e i n p h a s i z c d  i n
R e p r o d u c e d  with p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i ted  w i th o u t  p e rm is s io n .
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t h i s  p a p e r ,  i t  s h o u l d  be n o t e d  t h a t  t h e  r e s u l t s  u s i n e  
a n a l o g o u s  p r o c e d u r e s  i n  t h e  two p a r a d i g m s  f a i l ,  a s  o f t e n  a s  
n o t , t o  c o i n c i d e  w i t h  e a c h  o t h e r .  More s t u d i e s  d i r e c t l y  
c o m p a r i n g  t h e  two a r e  i n  o r d e r .
P e r h a p s  t h e  s i n g l e  g r e a t e s t  f a c t o r  i mp e d i n g  c o n t r a s t  
r e s e a r c h  has  bee n  t h e  l a c k  o f  w e l l - s p e c i f i e d  t h e o r i e s .  
H o p e f u l l y ,  t h e  c o m p r e h e n s i v e  r e i n f o r c e m e n t  l e v e l  t h e o r y  
r e c e n t l y  adva n c e d  by C a p a l d i  ( No t e  2)  w i l l  be an i m p e t u s  t o  
expand  c u r r e n t  a l t e r n a t i v e  c o n c e p t i o n s  and d e v e l o p  new o n e s .
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
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SUMMARY TABLE FOR 'I (GROUPS)  X 20  (DAYS)  ANALYSIS OF VARIANCE 
DURING POSTSHIFT TRAINING (AVERAGE OF SEVEN DAILY TRI ALS)
S o u r c e MS d f F
S t a r t  : A ( g r o u p s ) . 073 3 . 0 3 2
E r r o r 2 . 2 9 5 36
B ( d a y s ) . 263 19 3 . 8 6 2 •» » *
AB .07 1 57 1 . 0 3 6
E r r o r . 068 684
Run : A ( g r o u p s )  .161 3 .04 a
E r r o r 3 T3 6 I 36
B ( d a y s ) 1 . 284 19 1 9 . 0 2 0
AB . 076 57 1 . 1 1 9
E r r o r . 067 684
G o a l :  A ( g r o u p s )  4 . 6 5 9 3 . 3 3 0
E r r o r 1 4 . 1 Jt 4 36
B ( d a y s ) 1 . 5 3 6 19 6 . 5 8 8 * * *
AB .271 57 1 . 1 5 4
E r r o r . 2 3 4 684
T o t a l : A ( g r o u p s ) . 050 3 . 0 9 1
E r r o r . 553 3 6
B ( d a y s ) . 086 19 7 . 76U * * *
AB . 015 57 1 . 3 2 6
E r r o r .011 684
* * *  p  <  . 0 0 1
R e p r o d u c e d  with p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i ted  w i th o u t  p e rm is s io n .
P.ir.»' <()
SUMMARY TABLK FOR A (GROUPS) X 20 (DAYS) ANALYSIS OF VARIANCE
POSTSIIIFT TRAINING (R TRIALS FOLLOWING ONE OR MORE N TRIALS
S o u r c e MS d f f
S t a r t ;  A ( g r o u p s ) . 083 3 . 0 3 6
E r r o r 2 . 3 0 5 36
B ( d a y s ) . 293 19 4 . 0 6 9
AB .071 57 . 986
E r r o r . 072 684
Run : A ( g r o u p s )  . 172 3 . 0 5 0
E r r o r 3 . 4 1 2 35
B ( d a y s ) 1 . 4 3 2 19 2 0 . 7 5 4 * * K-
AB . 082 57 1 . 1 8 8
E r r r o r . 069 684
G o a l :  A ( g r o u p s )  5 . 0 1 2 3 . 291
E r r o r 17 . 211 3 5
B ( d a y s ) 1 . 549 19 4 . 780 * * *
AB . 292 57 . 901
E r r o r . 324 684
T o t a l :  A ( g r o u p s ) . 062 Ù . 101
E r r o r . 612 36
B ( d a y s ) . 087 19 7 . 2 5 0
AD .014 57 1 . 1 1 6
E r r o r . 012 684
*»* p < . 0 0 1
R e p r o d u c e d  w ith  p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .
Pugc  71
SUMMARY TABLE FOR 4 (GROUPS) X 5 (DAYS) ANALYSIS OF VARIANCE 
DURING EXTINCTION (AVERAGE OF SEVEN DAILY TRIALS)
S o u r c e MS d f F
S t a r t :  A ( g r o u p s )
E r r o r  
R ( d a y s )
AB
E r r o r
. 099
. 976









3 2 . 7 2 6
. 876
***
Run : A ( g r o u p s )  . 153 3 . 213
E r r o r . 715 36
B ( d a y s ) 1 0 . 826 4 7 1 . 1 6 9 * * %
AD .131 12 .86'1
E r r o r . 152 144
G o a l :  A ( g r o u p s )  .391 3 . 143
E r r o r 2 . 7 3 3 36
D ( d a y s ) 3 6 . 8 7 9 4 8 9 . 1 3 3
AD . 345 12 . 836
E r r o r . i l l  4 144
T o t a l :  A ( g r o u p s ) . 006 3 .04 5
E r r o r . 133 36
0 ( d a y s ) 2 . 2 0 8 4 9 9 . 7 9 0 * * *
AB .017 12 . 780
E r r o r . 022 1 4 4
*** p (  . 001
R e p r o d u c e d  with p e r m is s io n  o f  t h e  c o p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i ted  w i th o u t  p e rm is s io n .
